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$ 87.30 

" Including all narts & PC board. 

Post & Pack $4.50 



A single-board Z80-based computer with enormous potential. You can 
provide controlling and sequencing ol up to 8 different devices. 

The whole circuit is accessible for expansion and adding control lines, 
making this the most universal programmable project on the market for 
under $100. 


PC Board $ 19.00 (post $2.50) 

1710 • TEC-I Programmed EPROM $12>00(Post $1.50) 
Kit oS Parts (including EPROM)$08.30 (Post $2.50 

All Parts & PC Board $ 87.30 (Post $4.50) 

You will also need a 6v lantern battery (from your local 
hardware shop) or a 2155 transformer ($5.90) and a 
power lead or a 9v AC or DC Plug Pack rated at 500mA 
($14.50) 

Complete TEC*1 with transformer $93.20 (Post $5.50) 
Complete TEC-1 with Plug Pack $101.80 (Post 5.50) 
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This is our COMPUTER ISSUE. By bringing out the computer 
in this issue, we have advanced faster than I have ever 
intended. But it has been the requests from readers, schools 
and industry that has caused us to do so. 

At first we considered one of the mini computers already on 
the market, would provide a suitable basis for instruction but 
on further investigation, this was not to be the case. We 
required something in the low-price bracket, easy to 
construct and most important of all, it had to be a Z80 based 
circuit. 

Thus we had to design and develop a whole system ourselves. 
And after seeing the final design, I think you will agree it has 
been totally worthwhile. 

Designed by John Hardy, TEC-1 is our answer to all those 
requests. 

It is a simple, single-board computer which enables you to 
learn programming in Machine Code as well as play a number 
of simple computer games. 

Construction is quite easy and if you have produced 8 or more 
projects from our previous issues, you will be eligible. We 
have been very careful to include only easy-to-obtain 
components and of course the CPU (Central Processing Unit) 
is a Z80 chip. This amazing chip is so cheap that you cannot 
go past it for performance and price. 

The total chip count has been kept very low at 9 and you learn 
the operation of each and how it controls or is controlled by 
the rest of the circuit. 

But before I use any technical terms, I want to explain the 
approach we are adopting. 

TEC-1 will be divided into 3 stages. 

Not 3 EQUAL stages but 3 sections which are intended to 
draw you into the computer field without causing any 
frustration. 

Even if you don't know the difference between BITE and 
BYTE, you will be able to build this project, learn how it 
works, play a few computer games and then create some 
simple programmes of your own. 

It works this way: 

Stage 1 is the construction of the board. Just like any other 
project, it is purely assembly - very delicate assembly - but no 
computer terms will be involved. 

Stage 2 is playing games on the computer. Simple games like 
Nim, Music, Lunar Landers and producing letter and words. 
Still no new terms. 

Stage 3 is learning about the technical side. Programming in 
Machine Code, the uses and possibilities for the computer 
and construction of "add-ons". This issue covers stages 1 
and 2. 

I will pretend to know nothing so that we can both start 
together and combat the COMPUTER BARRIER. 

cJLmjjl. 
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The TEC-1 ready for programming. 

This will be the only colour issue, so 
don't think we are getting BIGGER! 
The colourful TEC-1 was too good to 
show in black & white. 
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LOGIC 


A LOGIC PROBE is possibly the most 
important of all pieces of test equipment for the 
digital designer. 

Comparatively speaking, it is equivalent to an 
electrician's multimeter or an audio 
technician's CRO. 

You may be wondering why we have not 
described a Logic Probe before. Well, basically, 
there are two reasons. Firstly we have not had 
the need for it and secondly the complexity of 
the circuit has not fitted the scheme of things. 

But the time has now come for its application. 
This is our computer issue and to build a 
computer without having access to a PROBE is 
like taking the car on a long journey without a 
spare tyre. 

In fact, with the computer project, the circuit is 
tested at various stages with the probe to make 
sure it is functioning correctly. 

So, to be without this piece of test equipment is 
digital suicide. 


As wjrith all our projects, this probe is the 
nation of many hours investigation and 
diagnosis of the various equivalent products on 
the market and we have come up with the best 
design ever. 


probe has both visual and audible in- 
<n of HIGH, LOW and PULSE and if you 
iver used a probe for trouble-shooting, 
ii\\\ know the advantage of an audible 


The 
dicatijoi 
have 
you vj/ 
signal 


When 3ver you are probing around the pins of an 
1C, it IS absolutely essential than you do not 
take your eyes off the probe, even for an 
instant. 

If you attention is diverted to looking at the 
indicator LEDs, you can allow the probe to slip 
off the 1C pin and cause a short between two 
pins. This could easily damage the chip. 

But with our design, this cannot happen. The 
audible tone will keep you up to date with the 
state of each pin and you can concentrate on 
advancing along each row of outputs. 
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HOW THE CIRCUIT WORKS 


The three indicator LEDs are connected to 
inverters. Each inverter performs a different 
function and this is how we get the HIGH, LOW 
PULSE outputs. 

The outputs of these three stages must be 
HIGH when the probe is in the no-signal 
condition as the LEDs are driven via negative- 
logic. This simply means the LEDs will 
illuminate when the output of the driving buffer 
is low. 


LOW. The Imfd electrolytic sits in an un¬ 
charged condition. The circuit is triggered into 
operation via the lOOpf capacitor on input pin 
11. When a LOW is created on pin 10 of the 
"HIGH" BUFFER, it is passed through the 
capacitor to pin 11 of the pulse-stretcher 
circuit. This will cause pin 12 to go HIGH and 
take pin 14 HIGH with it. 


The 1 M mini trim pot on the input line, sets the 
voltage level on pin 7 of the top inverter so that 
the LOW LED is illuminated when the probe 
detects a LOW. 


Pin 15 goes LOW and the latching feature is 
provided by the diode between pins 15 and 11. 
When pin 15 goes LOW, pin 11 is also pulled 
LOW and the circuit latches in this state. 


The section dealing with the LOW signal is the 
pair of inverters between pins 7 & 6 and 5 & 4. 
This produces a double inversion so that a LOW 
on the input will produce a LOW on the output. 
This LOW illuminates the LED and this is why it 
is called NEGATIVE LOGIC. 


The time-delay for the circuit is controlled b' 
the capacitor (and also the 470k resistor). Pii 
12 is HIGH and it begins to charge tht 
capacitor at a slow rate due to the 470k resisto 
in series with the charging voltage. 


A single inverter between pins 9 & 10 is used to 
drive the HIGH and once again negative logic 
causes the LED to be illuminated. 


A 10Opf capacitor between the inuts of these 
two circuit blocks acts as a SPEED UP 
capacitor. 


The voltage on pin 14 gradually decreases unt 
a point is reached when the second inverter wi 
change state. The voltage on pin 14 falls an 
this will create a HIGH on pin 15. The PULS 
LED will be extinguished and the LOW on pi 
11 (produced by the diode) will be remover 
The first inverter will change state and th 
charge on the 1 mfd electrolytic will be remove 
fairly rapidly due to the presence of diodes o 
the input line of the inverter. 


The PULSE-STRETCHER arrangement is a 
monostable circuit in which pin 11 of the first 
inverter is normally HIGH, making the output 


The next two blocks on the circuit diagram 
proyide gating for the Schmitt Trigger 
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The actual Schmitt oscillator circuit is made up 
of the 4n7 capacitor (and/or the 2n2 capacitor), 
the 1M resistor and the Schmitt Trigger 
between pins 9 and 8. 

But to get this oscillator to produce 3 different 
frequencies, via a gating arrangement, is not an 
easy task. 

The oscillator requires the earthy end of the 
capacitors to be connected to ground for the 
oscillator to keep oscillating. Otherwise it 
gradually dies away due to the high impedance 
provided by the gating circuitry. 

The three diodes in the centre of the circuit 
produce a negative logic OR gate and this 
means it is detecting a LOW on one of the input 
lines to change the state of the output. 

The output of the gate is connected to input pin 
5 of a Schmitt Trigger which is acting as an 
inverter to GATE the Schmitt oscillator. 

When pin 5 is HIGH, the output pin 6 is LOW 
and the oscillator between pins 9 and 8 is 
prevented from functioning due to the forward- 
biased diode keeping the voltage below .6v. 

When any input of the diode gate goes LOW, 
the output goes LOW and this causes pin 6 to 
go HIGH. The oscillator gating diode is now 
effectively out of circuit and the Schmitt 
oscillator will produce a frequency which is 
determined by the value of the capacitors in the 
earth circuit. 


When the LOW LED is illuminated, the 4n7 
capacitor will set the frequency. When the 
PULSE LED is illuminated, the 2n2 will set the 
frequency. When the HIGH LED is illuminated, 
the frequency will be set by both capacitors and 
the 1M resistors in series with them. The 
isolation diodes on the earthy ends of the 
capacitors will prevent the HIGH from the 
imverters from affecting the frequency. 

With the 4 remaining Schmitt Triggers, we 
have paralleled them to provide a push-pull 
arrangement for the mini speaker. Strictly ; 
speaking this is not necessary but it is best to I 
utilize all the gates in a package. 

The choice of a 100R resistor and Imfd 
electrolytic in line with the speaker prevents 
overloading of the gates. 

A power diode is provided in the positive rail to 
prevent damaging the probe with reverse 
voltage if it is connected to the power around 
the wrong way. 

The Imfd (1u in the schematic) and lOn 
capacitor across the power rails help remove 
spikes from the power rails and prevent false 
triggering. 

The 10k input resistor prevents the circuit 
being tested, from overload or damage. 

Finally, one of the inverters of the CD 4049 is I 
unused. Its input line has been tied to earth (pin ! 
3) to prevent the inverter self-oscillating. 


LOW HIGH PULSE 



LOGIC PROBE BLOCK OIAGRAM 


The input block is a VOLTAGE SET' 
control to turn the HIGH/LOW 
indicator LEDs off when no input 
voltage is present. 


The incoming signal is passed 
through a non-inverting buffer (two 


inverting buffers in series) and also 
one inverting buffer. The output of 
these gives the HIGH/LOW 
indication. 

A pulse-stretcher circuit provides an 
indication of a pulse as short as 1 
micro-second. 


The output of the three buffer circuits 
is fed to an OR gate and this controls j 
a Schmitt Trigger oscillator. 

Three different tones are produced by | 
selecting a combination of the two | 
capacitors. The output of the Schmitt | 
Trigger feeds a push-pull arrange¬ 
ment to drive a mini speaker. 
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We have also overcome the second major 
obstacle - the cost of the case. Apart from using 
a pen barrel or cigar case, there has been little 
else on the market to slip the works into. After a 
lot of high-level searching, I finally came across 
one of the most obvious products for use as a 
case. . . It happened this way: 

One day I decided to get rid of my shaggy-dog 
toothbrush and there, neatly displayed on the 
chemist's counter, was a row of probe cases! 
Mind you, only a select band of chemists sell 
our type of probe case. They are called 
'AMCAL' Chemists and this is their own 
'house' brand of case. Inside the case you get a 
FREE tooth-brush! I gave every member of the 
family a free brush and they think I'm the most 
generous dad who ever lived. Little do they 
know the real reason. 

The cases are good-quality injection-moulded 
polystyrene halves which slide-fit together to 
make a sturdy case. One end contains two 
holes which have been specially included to 
take the two power leads and the other end can 
be drilled with a fine drill to take the probe tip. 

By spending tens of thousands of dollars, we 
could not have come up with a more suitable 
case. In fact it is exactly the right width for the 
PC board and by mere coincidence, it has the 
exact right length. 

When the probe project is complete, and the 
two halves of the case taped together, the case 
is as sturdy and rigid as any $15 case on the 
electronics market, and you save $14 on the 
case alone! 


PARTS LIST 

1 - 100R%watt ■ "^^Ok 

3 - 680R ■> - 560k 

- 10k 3 - 1M 

- 100k 1 - 2M2 

2 - lOOpf ceramic 

- 2n2 greencap 

- 4n7 

- lOn 

3 - Imfd 16v electrolytic 

- 3mm red LED 

- 3mm green LED 

- 3mm orange LED 

- IN 4148 signal diodes 

- 1N 4002 power diode 

- CD 4049UB Hex Inverter 1C 

- 74c14 Hex Schmitt Trigger 1C 

- 1M mini trim pot 

- 8R mini speaker 

short length of tinned copper wire 

- 30cm red flex for power lead 

- 30cm black flex for power lead 

- red E-Z hook 

- black E-Z hook 

- CASE (see text) 

- LOGIC PROBE PC BOARD 
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Now, on to the more serious side. The PC board 
is the cover feature for this issue, even though 
it takes second place to the computer project. 
If you subscribe to the magazine and ask for the 
PC boards to be included, you will already have 
the board at your finger tips. If not, you can 
send for it, along with the parts for the project. 
The only item you will have to purchase 
separately is the case. 

The probe PC board is a double-sided board and 
the majority of the parts are mounted on top of 
the solder lands. Much to the annoyance of 10 
of our readers, we have chosen this arrange¬ 
ment so that the PC wiring remains large and 
easy to solder to. Jumpers and inter¬ 
connecting wires are eliminated. To create the 
same circuit on a single-sided board would 
create a little congestion near the front-end of 
the circuit. And anyhow, we wanted to 
introduce a double-sided board to our readers. 

The PC board manufacturers are hoping for a 
plate-through-hole board soon, but we assured 
them that this would not happen for many 
issues yet. 

The only advantage with plate-through-holes is 
for production runs where jumpers and feed¬ 
through pins can be eliminated. 

For hobby work, time is not chargeable and 
plate-through-holes are of no advantage. 

BUYING COMPONENTS 

Before you start to purchase any of the parts for 
the probe, remember that all parts must be as 
small as possible as they have to fit inside the 
plastic case. To us, all the parts in our 
prototype are standard as we have been using 
the smallest and best components for all TE 
projects, since its inception. 

The only new part will be the mini speaker. This 
is a proper Bohm voice coil speaker with a 
metal diaphragm and surrounded by a circular 
ceramic magnet. It can be used as a miniature 
speaker for a transistor radio although it does 
not give the same performance as a normal 
57mm speaker. But for our situation, it is ideal. 
We don't need a loud indication of the logic 
level and the Schmitt Trigger drives the 
speaker quite adequately. 

The only ODD feature of the layout is the 
position of pin 1 for each of the chips. They do 
not correspond with the normal direction of the 
signal and you will notice the writing on the 
chips is up-side-down. Take special note of this 
point and don't go blindly ahead and wire the 
chips onto the board around the wrong way. 

Everything else is straightforward. 


Obviously the first item to buy is the case, then 
you will have an idea of the headroom available 
for the components. 

By now you should have built some of our 
educational and recreational projects. The 
Digi-Chaser or Cube Puzzle, for instance, or the 
Egg Timer, Lotto Selector or Hangman. 

If you had difficulty in diagnosing or analysing 
any of the output stages, you will appreciate 
the benefit of having a probe. It will inform you 
of the level of any of the outputs, at a glance. 

We have selected CMOS chips for the probe so 
that it can be used on either TTL circuits (5v 
operation) or CMOS circuits (5v to 15v ). 

The input impedance of the probe is about 300k 
to 400k and this places very little load on the 
circuit being tested. Thus an oscillator, for 
instance, will not change frequency 
appreciably or a delay circuit alter from its 
specified delay-time. 

But the most basic need for a probe is to detect 
the logic level of any any point in a circuit. This 
is provided by the HIGH-LOW readout on the 
two LEDs or via the tone from the speaker. 

Along with the HIGH/LOW capability, a very 
handy feature is to be able to pick up isolated 
pulses which are of very short duration. Our 
probe is capable of detecting pulses which are 
as short as 1 microsecond and this 
corresponds to a frequency of 1MHz. These 
pulses are stretched by a PULSE-STRETCHER 
circuit and appear on the middle LED for an 
extended period of time so that it is visible. The 
signal is also passed to the tone oscillator 
where it is converted to a short beep to let you 
know a pulse has been detected. 

All these features are yet to be found on a 
commercially available probe at a cost nearing 
that of our design. 

For anyone contemplating building the TEC-1 
computer, this probe project is an absolute 
must. Build it well in advance of the TEC-1 and 
have it operating correctly for testing the first 
stage of the computer. 

CONSTRUCTION 

Lay the components, board and case on the 
work-bench and get all your tools ready for an 
hour of quality soldering. You will need snips 
and long-nosed pliers as well as a fine-tipped 
soldering iron and a length of fine solder, to 
achieve a neat result. 

A printed circuit board holder will be handy and 
can be made from two clothes pegs screwed to 
the bench. The only other item I consider 
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iai is a solder-tray, to accept 
i the dirty solder from the soldering 
I iron.as it must be tapped clean after 
I making each connection. 


I With all these things around you, an 
I hour will pass very fruitfully as you 
! build ON TOP of the PC board. 


i The first two components we 
I suggest to be fitted are the two 
[ integrated circuits. This is because 
they are added to the centre of the 
board. The other components are 
I fitted on either side and access to the 
j solder lands is only available at the 
I commencement of construction. 


• All the components excepting the 
' mini trim pot will have to be trimmed 
to fit onto the board as the com¬ 
ponents should be fairly close to the 
board to prevent them from bending 
I over and touching other parts. 


i Because very little heatsinking is 
[ available for components with short 
' leads, it is necessary to use long- 
I nosed pliers to act as a heatsink for 
I the LEDs, diodes and resistors, when 
I soldering them to the board. 


t 


H— «- 

>■••••••90 


lead short and try the LED for height 
before soldering. Do likewise with 
the other two LEDs. Do not bend the 
leads apart as this will damage the 
LED. Tack each one in position so 
that you can adjust it for height and 
position. 


USING THE PROBE 


The power for the probe is obtained 
from the project you are testing. This 
way the voltage is automatically 
adjusted to match the project. It also 
saves putting a battery in the probe 


Basically you can start at one end of 
the board and add each component 
as you come to it. The mini trim pot 
will have to be bent over slightly so 
that it fits into the case. All the other 
components will be short enough to 
enter the case, provided they are kept 
close to the board. 


Connect the positive lead to any 
positive rail on the test-project and 
the black lead to earth. 


The electrolytics can be bent over 
and laid neatly across other com¬ 
ponents and this will allow their leads 
to be kept a little longer. 


The probe tip should be long and 
THIN so that it will get into the 
tightest of places. You can put an 
insulating sleeve on it so that only the 
end is bare. This will prevent shorts 
when testing a very compact circuit. 


The power leads for the probe should 
be as long as practical as the probe 
derives its power from the project 
under test. With long leads, the 
probe can be used to trace the circuit 
on the top-side of the PC board as 
well as under it. 


Use the probe project a few times in a 
KNOWN situation so that you 
become accustomed to the sound of 
the high and low signal. 


The power leads should be taped 
together for their full length to pre¬ 
vent them getting tangled. 


I The electrolytics and capacitors can 
[ be held in your fingers when 
soldering as you will soon know if you 
are taking too long to tack them in 
I position. 


The last two items to be soldered are 
the alligator clips, as the power leads 
have to be fitted through two holes at 
the end of the case. 


' So MUCH has been said about 
! soldering that if you don't know what 
[ to do in this case, you should not be 
I attempting assembly. 


I The only damage to components,! 

I can envisage, will occur when 
soldering the LEDs. Before soldering 
I them to the board, cut the cathode 


But before the works can be put 
away, a small adjustment is needed 
via the 1M mini trim pot. With the 
probe connected to a 9v to 12v 
supply, connect the tip to earth 
(negative of the battery) and adjust 
the pot until the LOW LED is just 
illuminated. 


When using the probe to check a 
project, you will need a circuit 
diagram. Before touching the probe 
on any point at all, ask yourself; "Will 
it be HIGH, LOW or give a PULSE? " 
The probe will then confirm your 
decision. 


This completes the probe and it is 
now ready for encasement. 


Muster up all the projects you have 
constructed from Talking Electronics 
and analyse them with the probe. You 
will be quite surprised at the various 
frequencies within within such 
projects as the LOTTO SELECTOR 
and MUSIC COLOUR. 


Let us know how you like the probe. 


LOGIC PROBE 

a ISSUE 10 
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The LOGIC PROBE is built on a double-sided PC board. These are difficult to make in a 
home-brew situation as the alignment of the two sides must be accurate and the 
etching must take place at the same time. 

You can get around this by making the the lower pattern on a single-sided board and 
creating the other side with wire jumpers. 
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MODEL 
RAILWAY 
CLOCK 


P. Rowland, 
Feilston Bay, 7015. 



Along with scale scenery, scale cars 
and scale people, model railways 
have scale TIME. 

You don't see it very often due to its 
high cost but every model railway 
enthusiast dreams of the day when 
he will be able to afford to add it to his 
layout. 

Model time may seem like a joke - 
like decimal time - but every gauge 
such as 'O' - 'HO' and 'N' has its own 
time scale. 

Some of these are the same but 
basically there are three different 
times for model trains. 

When you think of it, this is only 
logical as some layouts are exact 
replicas of fameous train routes or 
well-known stations. This means the 
time taken for a train to travel 
between stations can be as realistic 
as possible. 

By altering the time, you enter a 
miniaturized world and a speeded-up 
world at the same time. 

Time-tables and time intervals 
become more realistic and you can 
enjoy this realism to its fullest. 

At no additional expense, the TE 
clock from issue 9 can be converted 
to a model railway clock. 

Operating times vary from layout to 
layout but a clock that operates at 
four times normal speed, that is at a 
rate of one fast minute every normal 
15 seconds, is the usual practice. 

The alterations take place in the 
gating diode arrangement and this is 
quite an easy modification. Only 
three gating diodes have to be re¬ 
positioned while the other four 
diodes remain in the same positions. 

Other MODEL TIMES such as 10 
seconds to the minute, or 20 seconds 
to the minute are also possible with 
^he TE clock. 


The following is a table 
division values for each 
outputs; 

We have also included a MODEL 
CLOCK based on 10 seconds to the 
minute, 15 seconds to the minute and 
20 seconds to the minute. 


THE 4040 COUNTER 


The basis of the timing for the TE 
clock is the 4040 counter 1C. It 
counts the number of pulses from the 
AC mains and produces a single 
pulse every minute. This means it is a 
divider in which 50 x 60 pulses are 
counted for every output pulse. 

This means it is a divide-by-3000 
counter and for our MODEL TIME 
project, we must reduce this division 
so that the output changes at a faster 
rate. 

But before we give you the necessary 
divisions, we will look into how the 
divider operates. 

Working out a division for a counter 
can be quite confusing as we have pin 
numbers, individual output divisions 
and output values as related to our 
division. And all these are different. 
So you will have to understand why 
before being able to create a new 
divide-by situation. 

A 4040 counter is a binary counter in 
which each output is a power of 2. 
This means the first output is a 
divide-by-2, the second a divide-by- 
4, then a divide-by-8 and so on. 

The highest output for this counter is 
a divide-by-4096. 

Now, here is the secret of how to 
interpret these values; 

The 4096 output goes HIGH after 
2048 counts and stays HIGH for a 
further 2048 counts, making a total 
of 4096. Every time the output goes 
LOW, it is detected by another chip or 
sensing circuit. This means the 
highest output can be classified as a 
divide-by-4096 when the counter is 
operating in its full cycle. 

However, when we are detecting the 
first change in the condition of the 
output, it must be considered as a 
divide-by-2048. 

Similarly each of the other outputs 
have a value half of that stated on the 
pin-out diagrams. 

This means we must use the value of 
2048 for the highest value, 1024 for 
the second highest value etc. etc. 


^ H 


Earth 

1 

Clock 

Reset 

256 

128 

512 

1024 

Vdd 




if 


A comparison of the TE dock with 
MODEL TIME docks. The 
squares in the table indicate the 
outputs used for each arrange¬ 
ment. Before changing your dock, 
see how few diodes need to be 
altered. 


You will notice that only 6 diodes are 
required for the 10 seconds and 20 
seconds timing intervals and the 7th 
diode is removed from the board. 

There are times when a "freeze" is 
required, for coffee breaks, telephone 
calls or that unexpected problem on 
the layout. To achieve this, take a 
lead from pin 10 of the 4040 (the 
clock input line) to an ON/OFF 
switch with the other lead of the 
switch to earth. The switch will then 
freeze the clock until you need to 
resume timing. 

Model clocks have always been an 
expensive item for a layout, the parts 
alone have cost around $60, and until 
now I have been reluctant to build 
one. But when I realized the TE clock 
could be modified at little or no extra 
cost, I put together the arrangement 
just described. In fact we have two 
clocks in our club layout due to the 
size of the layout taking up two full 
rooms. 

It's a great assistance when co¬ 
ordinating a number of operators. 

I hope you find the time to add it to 
your layout. 
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■ ^ P.O. Box 23) Surrey Hills, 3127. 

■ A Division oS TELEVISION REPLACEMENTS. 

electronics 

Tycraft 

200H multimeter 


F.M. 

WIRELESS MICROPHONE 


$21.84 $2.50 P&P 




_ ONLY $8.00 

$1.20 POST & PACK 

240v Soldering Irons 


Sidecutters 

Pliers 100mm 

AAA 


JX1: ISwatt $13.2S 


$ 1.00 

60cp&p 


These soldering irons are ideai for 
constructing the TEC-1 and any 
other TE projects. 


$ 3.60 each 

80c P&P 

Neon screwdriver 

WITH CLIP. For testing low voltage current of 
household electric wirings and electric apparatus. 


AA Nicad’s 
SOOmaH 



BB011 S-Board with Control Panel 

An inexpensive prototype board for 
discrete components. Each board has 
70 phosphor-bronze contact points 
arranged in two sections, each of which 
has 7 parallel rows of 5 connected 
contact points. Formed in high impact 
polystyrene, the board can be interlocked 
for larger working area. Supplied with 
bracket for mounting switches, pots etc. 
Comes with FREE printed circuit board. 



























This project is two ideas in one. Basically it is 
an electronic version of the fameous game 
ROULETTE and we use a circle of 10 leds to 
simulate the ball on a roulette wheel. 

The LEDs are switched on one at a time to give 
the effect of rotation and we have two press 
buttons to simulate the speeding-up or 
slowing-down of the ball. This gives a feeling of 
reality to the game and adds to the interest. 

Although you cannot rig the game, a player will 
feel he has a degree of control over the 
outcome when he is in charge of the speed-up 
and slow-down buttons. 

The LEDs gradually start up to a maximum spin 
rate and will come to rest after a period of time 
by the natural slow-down rate of the circuit. By 
pressing the BRAKE control, the slow down 
will be faster. 

As the LEDs gradually lose momentum, you 
can visualise the ball dropping onto the wheel 
and bouncing from number to number as the 
disc gradually loses speed. Finally the ball 
Joggles and bumps no more, to land on YOUR 
numbered square. As you scoop up the 
winnings, you wonder why you never thought 
of making this game before. 

ROULED is constructed on a single PC board 
which acts as a display as well as mounting 
base for the components. 


The rotating effect of the spot of light is most 
effective at night and you can hang the project 
in your window, facing the street, to produce an 
interesting effect for the passers by. 

HOW THE CIRCUIT WORKS 

The circuit is made up of two sections. The 
transistor oscillator stage and the Decade 
Counter 1C. 

The 2 transistor feedback oscillator is a voltage 
controlled oscillator and can be turned on by 
raising the voltage on the base of transitor Q1 
to about .6v. Above .65v it will become over¬ 
saturated and the oscillator will "freeze", 
below .5v the transistor will not be turned on. 
Between these narrow extremes the frequency 
of the oscillator will vary to provide the speed¬ 
up and slow-down feature. 

To turn the oscillator ON, the 22mfd elec¬ 
trolytic is charged via the 330k resistor. The 
voltage on this reservoir capacitor is fed to the 
base of Q1 via a 470k separating resistor and 
the oscillator gradually starts up. The value of 
the 330k and 470k resistors have been chosen 
so that the oscillator does not 'jam' in the high 
frequency mode when the base of Q1 is nearing 
the high voltage level. They permit the 
oscillator to run up to a maximum frequency 
and remain at that frequency. 

The oscillator has an extremely small mark- 
space ratioand gives a pulse to the decade 
counter via the emitter of Q2. 
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This most unusual oscillator has a very low 
value resistor in the collector circuit (called the 
LOAD resistor) and emitter circuit of the 
second transistor. 

These values must be maintained to provide 
the short mark-space ratio in which the 10mfd 
electrolytic is charged up very quickly. 


It is now 'jacked' up by about .5v and is 
required to deliver its energy to the first 
transistor. In a fraction of a second it becomes 
exhausted and can no longer keep the first 
transistor turned hard ON. The result is the 
transistor turns off slightly and this action is 
passed to the second stage and causes the two 
transistor circuit to become turned OFF. 


The operation of the feedback oscillator is as 
follows: 

The BC 547 transistor is turned on via the 
voltage from the 470k resistor and this causes 
the collector-emitter voltage to be reduced to a 
few volts. The BC 557 becomes turned on with 
the action and two things occur. 

The emitter voltage falls to about 3v and the 
collector voltage rises to about .6v. When the 
emitter voltage falls, this is sufficient to give a 
LOW to the decade counter and it advances 
ONE COUNT. 


The voltage on the base of Q1 increases once 
again via the 470k resistor and the voltage on 
the 22mfd storage electrolytic and the 10mfd 
charges up to repeat the cycle. 

The output of the oscillator is the emitter of Q2 
and the Decade Counter detects the pulses to 
illuminate one of the LEDs in the output. 

With pins 13 and 15 at ground potential, the 
counter will cycle through its 10 outputs 
without freezing or resetting. Only one 470R 
resistor is required as a current limiting resistor 
for the 10 LEDs as only oneof them will be on at 
a time. 
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CONSTRUCTION 

All the components are mounted on a 
printed circuit board which also acts 
as the back plane for the display. 

The LEDs are arranged in a circle to 
give a rotating light effect when they 
are operating. 

The complete electronic circuit is 
built in the centre of the board and 
this adds to the fascination of the 
project. You can see the amount of 
circuitry required to produce the 
running light effect. 

The arrangement of parts on the 
board does not follow their position 
on the circuit diagram and you will 
need to go by the overlay to make 
sure they are soldered in the correct 
places. 

Start with the 1C socket and place the 
identification mark on the socket 
over the dot on the board to identify 
pin 1 on the chip. 

Add the resistors and electrolytics as 
per the overlay. You will now have 
some short lengths of wire from the 
resistors which you can turn into 6 
bridges. 

The two push buttons are fitted with 
their flats towards the top of the 
board however they will work if fitted 
in any position as we are using the 
diagonally opposite contacts of the 
switch. 

Fit the BC 547 and BC 557 
transistors and finally solder the ring 
of 10 LEDs around the edge of the 
board making sure the cathode leads 
always face the outer edge of the 
board. 

Fit the 1C into the socket, add the 
battery snap and the project is ready 
for operation. 

IF THE CIRCUIT DOESN*T 
WORK 

Since the circuit is divided into two 
sections, each can be tested 
separately. 

The transistor stage can be given a 
readout in the form of a LED con¬ 
nected in series with the 100R 
resistor and this will show if the 
oscillator is functioning. 

This is where you start. Remove one 
end of the 100R resistor and connect 
a light emitting diode with the 
cathode facing towards the negative 
terminal of the battery. Don't go by 
the long and short lead of the LED as 
some are cut in a non-conventional 
way. Look inside the LED and locate 
the larger of the two lands. This will 
be the cathode. 


Connect the battery and the LED will 
flash when the ROLL button is 
pressed. The flash rate will increase 
as the voltage on the base of Q1 
increases. If the LED does not come 
on, the problem will lie in the 
transistor oscillator circuit. 

To check the operation of this circuit, 
it will be necessary to convert it to a 
non-feedback situation. In other 
words, remove the Imfd electrolytic 
to leave a 2-transistor DC coupled 
amplifier. Press the ROLL button and 
the LED will gradually come on. By 
pressing the BRAKE button, the LED 
will gradually go out. If this does not 
happen, check that Q1 is an NPN 
transistor and Q2 a PNP transitor. 
Check the PC board for dry joints and 
make sure you have the 100R, 10R 
and Ik resistors in their correct 
places. 

A 4k7 resistor placed between the 
collector and emitter terminals of Q1 
will turn the LED ON. If this does not 
happen, 02 may be faulty. 

Connect a jumper lead between the 
base of Q1 and the join of the 470k 
resistor and 22mfd electrolytic, and 
the positive rail. This will turn on the 
LED. If this does not occur, transistor 
Q1 may be faulty. 

The second part of the circuit is the 
CD 4017 Decade Counter. 


To be able to test this section, the 
oscillator stage must be operating. 
You can leave the test LED in series 
with the 100R resistor as an 
indication that pulses are being 
passed to the counter chip. Every 
time the test LED flashes, the outputs 
of the counter should advance. 

If the first output is illuminated and it 
does not advance to the next output, 
the problem will either be the 4017 
chip or the voltage levels on pins 13 
and 15. Both of these pins should be 
LOW for the counter to advance. 

If NO LEDs are illuminated, the 
power to the chip may be missing 
from pin 16 or the 470R resistor may 
be open or have a dry joint. 

When all these areas are checked, 
the circuit should operate perfectly. 
The only other point to note is the 
voltage level on the base of 01. If the 
voltage rises too high of falls too low, 
the oscillator will cease to function. 
The 330k supply resistor may have to 
be increased if the circuit 'locks-up' 
or 'freezes'. 

I hope you have as much fun with 
your model as we had with ours. The 
only thing we do ask: Don't start 
placing bets on it! 
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10 MINUTE DIGITAL COURSE 


the QRWSft, 


-bu Q.r Dicker 


"The previous Pflcje cohtbi/ueo iruTHt Power, supply 

CiR^Cuit Oi»=^GRftH. 

Hhe e>c:547 CuRfi£NJT flMPLlFYitUGt YRflMS\S10<l UJitL Woft^K, feUT ITS 
ftl^iLiTy Tt) DISSIPATE YriE POWER, WiLi. 6E /nADEQUATE . 

HERE'S LOHY: 

'TARiHQTHE CASe WHE?.ETH£ GREATEST POWER, IS SEiiUG OlSSiPATEO 
U0ST)(rU'rrtE SSR\ES PASSYRANSlSToR, Q, ,THE CURRENT 

AmPLiFYinQ TRAMSiSTOR, Qo flLSO HRS THE QREATt^T /-OSS -- 

This applies lohen yhe output is Guolts And the current 


2 AM PS 



'Ti'-'T. 


CIamps. 






— ^5 6*6v ftppRox 




TTiiis IS "The T^fiNSisToft 
we ORE 400RIIUQ- INTO. 


USING R I5v -O'ISv TRfliv/SToRl'^ER/ & ZOloOES,• 
tTie Voltage-out trohthe Oiooes loill ise-. 


= ' 71^10 

= 2i-3 Volts. 


.t 


tti 


tPie^'Voltoge setween) Points R<Ss u>ill : 


H 


_L-' 2l’3 6'^i. 

i =1= /4-7 Volts. L 

rTH€~DRwiN(x Current For Qj 


f 





TO GET 2AmPS To FLOWTHROUGH 4_i 
The collector-emitter circuit u 
WE have To prcvioe current iivro ^ 
The ftRSE Circuit.T ftE Amount of . 
ftASE current Will depend on * 

the G^R/M" OF THE transistor,. 
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rh 


TpR f) aN3065 ITS QBIN IS FiSOV^T lO'lOQ 
THIS MeBNS COE raeEO Only Ai^OOT //q ofU 
y-K Of 2 Amps /isttothe rjQse to 
2 Amps To fLoV ifO THE COLLECTOR CiRCUlT. 


„ P,q5>£ C0R.R.ftsjr : 
. i — 2 Amps 


QfliN Of THE TRflMSiSToR, 


‘STMt CiAlN & WE will choose R VflLOE Of 20. 

= ^ Amps 
20 

= X flHP = /oomfl. 

-I^is Cufc€.EMT MUST 6E S»oPpLl£0 &Y 

Power, oi^^ipated 6y Q 2 • j^owcR. - volts '>1 Bmps^ 

= 14 .'7 Y • I WfiTTS 

- /.47 WATTS., 4^; I ; P Tf” 

1 |C.LdftlLY this is <S.R.EmER/THflM-rHE R61L1TY Of 9 60647 AS it cflM 
1 sOlNLV X)\SS\PflTE SOOmU.— WITH 0 HEATSInIC It cRn'SE OP-RRTEO 
1 hrb .O^OT iu)RTT i?>0T To 6eoH-rH€‘SRfe side it is rovisr6le To 
-LJQ$>£ ft Tf.fiMS\STOR. •SOCH RS Q>ClZ<i ORTlp^Z ftS THESE HRVE A 
^ Met ft L. TLftNQE CO High crm 6E Jolted To R heRt^nk/. 

; T&E MIKIKUM POWER/ Oi^'S.iPRTEO J2>Y Qo w/ll occur, COHEnC the 
. .OUTPUT ;/S> 15 V. fOlLTH/S CRSE -rHE LOSSES IH Q2. • 


! 1.5/6 \/ . . 

T_y L-- 

^ ■ I n i fn 1 u i i lO^ 

. PowEP.! OiSSipflT^O 6 tQ2'^1uI SS: 

' i-=5.74--t!T'-. .. . 

'.57 WATTS. .f ; ' 


LTJ. 




This SHOWS THAT fts THE oowT voltr^e is Reduced fRotfc^isvi 
■To 6V, The Power, lost inq, EcQ^ iNCRERSfes. ■ M ' 

Tvfis S>EHMS LOQlCftL.THE TRANSFORMER 8; RECTifiER. ^re. M 
S»oPPLYiWQ ft ComSYRnt RMOUWT QV ENERQY. Jf -THIS Powd^ * ; 
KOf SElNS OSEO I^T-THE LoRO, JT MOST SE LOST /N THE 5 I 

RESolR'^incj network,. . ^ ^ 

i I rrU^-LM+ii: 


t 
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CU<lR,Ei\IT liMiTirJQ’ 


T^E I^EKT S-vflQE Pou)£R/ SOPPi-Y 0£Si&k 1 15 To LiMn THE OUTPUT 
CoR^R-EiUT OUdiMO SriO<lT- CmCOlT CONOlTlOMS. “THIS IS flCHIEVED 8Y 
flOOlNG- The COMPONENTS SHOWN IN TTIE DOTTED QLOCtC ■ 



POWEd SUPPLY WITH CUftRElUT L/MITJNQ-. 


The maximum output COR.flElUT IS DETERMINED 8Y THE ‘SJX. 
H i_fi REsisTon ^iiL GcivE R soomP Supply , *5-0. Gwes 
1 AmP SUPPLY S' *25-0. G\V€S fl 2 AmP SUPPLY 


during normal operation (up To ABOUT IAmP with the -S-a resistor) 
The current limiting circuit does not come into operation at All. 
its only EEfECr IS THE •Sv OROP PCRoSS THE *5-0. ReSiSTOR. 8UT 
YHIS -Sv OROP IS TAKEN INTO ACCOUNT 8Y The SENSING CIRCUIT 
6EC0USE THE OUTPUT VOLTAGE IS DETECTED AfTER ALL THE DROPS IN 
VOLTAGE HAVE taken PLACE IN THE REGUlATinG COMPONENTS, 

the CURRENT Rises OVER 1 AmP,To SHY l*2fiMP,TH£ VOLTAGE 
OCROSS THE •5-0. RESISTOR INCREASES To ‘Sv AnD )S PASSED TO 
6^3 tJHERE IT APPEARS ftETWEEN THE BASE & EMITTER LEADS. | 

-TrilS VOLTAGE UJILL BEGIN TO TORN THE TRANSISTOR ON) SoTHAT THE T,. 

Voltage at the collector, dill 6E drawn ooun slightly, this JZ. 

IS DUE TO Qs ^SCOMM.’G EQOWAlEnT To A LOW-VALUE RtSlSTOR _ 
& TTE emitter, voltage (toHlCH IS EQUAL TO THE OUTPUT VOLTAGE 
Of THE POWER s upply) Dill SE LQWEa THAN THE VQltAGE On A AS E O^ 
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the IOOH R.ESIST0«/ IN THE SftSE LiNfei fUttoWS THE CURRENT-IiMiT 
TR^AnSiSTOR, To OPERefE IN ITS fuiii-S «^iQ>RirrJON MODE WITHOUT 
< 2 )ElNGt OVER-STRESSED UJITH fiN ,£tiC£S^ 1 -EMITTER VOLTflGtE 

_ WH\CH miqY OCCoR, lOHEN HIGH CuRRENXk-m^j THROUGH THE 
U'S-O. RESISTOR. j { i ^ I ! . I I ■; 


How The current -limit Tftf?NSlST^ W( 

This transistor can SE considered es!<^! ^MPLETELY 

CiRCoiT. TbMflK.g IT EASY To SJiiLOW Tj 4E dP^RlHliON OY 

LOE WILL Torn it arouno '' 




THE CURRENT-limit 
CIRCUIT extacted 

From THE previous 
Diagram.. § ; 


sTh^ same circuit Turned around 
T om ARE IT easier To see hovu the 

TRANSiSTOfC IS DPERATiNQ-. 

-4 4^' 



i2-i 

flSfARASTHE 
/TRAMSISTOR i s 
•5v / COUCERNEO, The 

transistor'Hees'' 

TV VOiJTAGE OF *6V1 

I2v_ across the 4 

' -SJI resistor. ! 



ThiSISTHE i/oltage as 
SEEN ft Y THE transistor. 


the transistor sees i ‘ftv on its ftASE (with RESPECT TO THE 
EMITTER LEAD) AnO THIS IS ALL THAT MATTERS TO THE TRANSISTOR,. 
YOO LOILL NOW iSE A6LE To SEE WHY THE TRANSISTOR TURNS ON. 
The lOOR RESISTOR 15 only fl SUFFER RESISTOR To PREVENT EXCESS 
Current plowing through the sase circuit when the power, 
SUPPLY IS IN SHORT-Circuit conditions. 

"THE lOOJl RESISTOR CAN SE INCREASED TO IK, Wi-rHouT AFFECTinG 
THE operation op The CIRCUIT —That's what we mean iSr r 
12)0 fFER resistor,. 
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The oPEftQTioM Of the QP-QmP 


when the output CUftR,ElUT ltUCfieflSE5>,-rriE OUTPUT VOUTR^E ojilL DRoP 
slightly (due to TTlt ORoP ACROSS THE. -S-ZL RESISTOR,) RNO THE 
OP-RMp WILL fe£ Turned on hrrcer,. OuRingt an overlord 

CONOniOM the OP-RmP will 6E ORWINJQ-the SASE OT Q2 <vTo 

PREVEMT -the op-Amp SEiNCJ ormr&eo cJhen the output is short- 

CiRCUlTEO, WE 14RVE RDOED R IK RESISTOR, (TO OUTPUT P/N K;fi6) 


■The CoRReNT-LlMltiNG- circuit will SE especially flPPfteCiRTED when 
A short-circuit occurs AS IT Will limit THE CURRENT T^ A60UT 1‘,2AMPS. 
WITHOUT THIS CIRCUIT THE CURREMT WOULD SE CONSl0EPRl6LY CRERTER^ 

And may 6£ EUEiS 3 - A- AMPS OEPEnOinO^ ON THE ABILITY Of THE 
TRPkNSfORMER. To SUPPLY ThE CURRENT. 


The operation of the current limiter. 


WHEN The OUTPUT IS SHORT- Circuited fl current or a soot 1-2 amps 
WILL 6E ru)wiN<i IN the *5JL resistor To keep the current-Limiter 
transistor in operation. 

Q, JN3065 _i±2£LS 

•SJJ- Or 



-The Voltage at th/s point will adjust itself 
-T o Turn on QZ so that Qi passes 1*2 amps, this/ 

TuRN-ON VOLTfi&E COMES FROM THE OP-AmP IS 
Controlled feY Q3. 


The Power supply in short-circuit conditions. 


This means the series-PRSS Transistor Ql will be dissipating 
AVERY HIGH wattage (wHicH Will 6£ Even HIGHER than its 
NORMAL OPERATING OiSSiPATionV fOR THIS REASON An IMPROVED 
SHOT-DOWN IS required To LiMir THE LOSSES IN THE REGULATOR 

WHEN The output is short-circuited. 
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^ : EaBGT-RONIC TRIP 

! f \y A./f" f* A -T-.ir- 


ifiNflLLY WE Come To THE MOST IMpORTfiNT f£flTOft£ Of flLl__ _ 

Hn electronic trip (OriicH t^rns The power, supply off iohen 

!_BkC£S>S CuRR^ENT is ORRWN OR R SHORT-CIRCUIT OCCURS. 

TThE R0VHNT6GES OT R SHOT-DOWN SUPPLY RRf • 


M-Reduces The Heht i5uilo-up in the pouier trrnsistoR . 

Z. Reduces t-he over load inq on mE trhmstormer, . 

5 REQOces The Risk, ot 6urnout fWo/oR Tire in the PowERSoppiY 


To flCHlEvi~TrilS SHOT-OOWN ConOITION ONLY 1 COMPOMENt ! 


.-U-.-: 


M- 


iS needed, fl OlOOE IS PLACED BETWEEN THE RETERENCETzINER.) 
^The BHse Of the Current limitincj transistor, ; , > ! ’ *1 i i 



^ThiS v\odb produces the 

electronic "TRIP TEfiTuRE 


1 Amp Power supply with electronic tRiP 


The electronic trip LOiLZ. only come into operation when the . 

voLTACE ON the Base ot Q 3 is below the 

VOLTAGrE. LOHEn THIS OCCURS THE TURN-ON VOtTAC^E TOR THE 

Limiting transistoR Does not come trom tRom the Voltage 

DROP ACROSS the *5-0. RESISTOR, BUT TROM THE "BLEED CURRENT ' 
KE£P\N(5 the ZEnER in breakdown, IN SHUT-DOWN THE OUTPUT 

-Icurrent palls To e tev mfi ^will start-oP when The short isRem£»/ed 
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COMPLETE TE RANGE OF KITS; 


CAPACITANCE METER j«ue e p 54 I 

Issue 7 P 61 

This project combines with the Mini Frequency 
Counter to produce a capacitance meter capable of 
measuring from lOOpf to lOmfd. It is construcedon 
Matrix board type 24 x 25. 

See also Mini Frequency Counter project for display 


33R 

3k3 

10k 

100k 

1M 

10Opf styro 
In lOOv 
2n2 
lOn 
22n 


1 - lOOmfd 16v 
1 - 2k mini trim pot 

1 - 10k mini trim pot 

2 - 100k mini trim pot 
2 - 555 timer fCs 

1 - CD 4011 1C 
Hook‘’Up wire 


PC board $1.80 


CLOCK 

6 - 100k 
1 - 330k 

1 - 470k 

2 - 1M 


Parts $ 3.60 
Complete $$.40 


1 - 220R 

7 - 470R 
1 - 2k7 
5 - 10k 



2 - lOn 

1 - lOOOmfd 25v 


' FND 500 display 
' CD 4026 or CD 4033 with mod 
CD 4040 1C binary divider 
CD 4511 1C display driver 
CD 4518 1C dual BCD counter 


tinned copper wire 

PC board $X.9S Parts $ 17.00 
Complete $19*9$ 

LARGE DISPLAY FOR CLOCK 

1 - 4-digit display LT-656-12 * 

30 cm 30-way ribbon cable FARTS $4.70 


COMBINATION LOCK 

Uses a CD 4017 to unlock a relay 
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2k2 

1 - 10k 

2 - 22k 
2 - lOn 

1 - 22mfd 16v 

1 - CD 4017 1C 

2 - BC 547 
1N 4148 
IN 4002 


' 6v relay 

push-to-make switch 
' battery snap 



PC board $1.70 Parts $ 4.80 

Complete $ 6 .S 0 



COUNTER MODULE 


220R 
270R 
330R 

■ 1 - 18 pin 1C socket 

’ 4 - TIL 313 displays 

^ 1 - "DISPLAY" PC board 
"COUNTER" PC board 

PC board $ 3.85 Parts $15.50 

Complete $ 18.75 

r-SfOMlNT OISPUY iLsle'4p'’i7 

In place of the small 4 digit display you can make a 
large LED display which can be read from across the 


5mm red LEDs 


PC board $ 3.95 60 LEDs $6.00 

Complete: $ 9.95 


CUBE PUZZLE 


Based on that puzzle you have possibly smashed by 
now, this is an electronics version^to test your 
patience. 


2 - 180R 
7 - 220R 
10 - 470R 

3 - Ik 

1 - 22k 

2 - 100k 
1 - 470k 

1 - lOOn lOOv greencap 
1 - 1 mfd 16v electro 
1 - 10mfd 16v electro 
1 - 22mfd 16v electro 

4 - push buttons 

1 - CD 4001 1C 
1 - CD 4015 1C 
1 - CD 4040 (or CD 4020) 1C 
1 - 74c14 1C (CD 40106 or CD40014) 

9 - 5mm Red LEDs 
9 - 5mm orange LEDs 
9 - 5mm Green LEDs 

tinned copper wire 
1 - battery snap 


PC board $3.7$ Parts $11.80 
Complete $1S.SS 
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Mother board: $3.00 

Designer #1 $3.50 

Designer #2 $3.50 

Designer #3 $3.50 

Matrix 24x25 $1.80 

Type 200 + 640 $3.75 


DOOR CHIME 

"Ding Ding Dong ' Door Chime 
Uses SAB 0600 chip 
1 - 33k 
1 3n9 lOOv 

1 - lOOn lOOv 

2 - lOOmfd 16v 
1 - SAB 0600 1C 

PC board $1.60 


1 - spkr 8 ohm 
1 - battery snap 
1 - push button 

Parts $11.30 

Complete: $12.90 


DIODE TESTER 

(and black box puzzle) 
2 - Ik 
1 - 3k9 
1 - 47k 
1 - 10n lOOv 
1 - 555 timer 1C 
- 3mm red LEDs 


PC board $1.S0 Parts 90 C 




DESIGNER BOARD ^ 0 ^ 2 % si 

This is a mother boarding system in which up to 5 
boards are designed to fit onto a mother board via 24 
pin edge connectors. 

3 different Designer Boards are available @ $3.50 
Designer # 1 $3.50 each 

Designer #2 $3.50 each 

Designer #3 $3.50 each 

Matrix board 24 x 25 has an edge connector and 
individual lands for the 600 holes.lt provides an 
ideal board for bread-boarding our projects. $1.80 

Type 200 + 640 fits breadboard as c. 

Project book No 2. $3.75 each. 


DIGICHASER 




This is an introduction to computers. All the parts 
are re-useable as they mount on the top side of the 
PC board and make an ideal demonstration project. 


Ik 

10 k 

100 k 

220 k 

10 k mini trim pot 
lOn lOOv greencap 
lOOn lOOv 

22mfd electro PC mount 
470mfd electro PC mount 


■ 5mm Red LEDs 
5mm coloured LED 
IN 914 diodes 
16 pin 1C sockets 
14 pin 1C socket 
SPDT mini slide switch 
push buttons 

CD 4015BE 1C shift register 
CD 4024 1C binary counter 
CD 4049 1C hex buffer 
2102 1C Ik X 1 bit memory 


1 - battery snap 
hook-up wire 


Board $2.60 Parts $12.S0 
Complete $ls.io 


Starter Kit: l off each board $16.00 


★ SAB ObOO $7.30 


After you buy the starter kit, you can see which 
board suits your need and buy the bulk pack of 5 
boards for $15.00 
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EGG TIMER 


2 


2 


a 3 min egg 


15R 

3k3 

10k 

47k 

100k 

470k 

4M7 


lOn lOOv 
lOmfd 16v 
22mfd 16v 


Issue 6 P 34 



7 - 1N 914 diodes 
1 - 74C14 1C 
1 - BC 547 
1 - speaker 8R 
1 - battery snap 
1 - mercury switch 



PC board $1.80 Parts $5.30 

Complete: $7*10 


Issue 9 P.13. 



1 - 39n greencap 

2 - lOOn greencap 


8-watt AMPLIFIER 


- mini 'U' heat 

- nut and bolt 
heat sink compound 


1 - LM 383 or TDA 2002 1C 


EXPERIMENTER BOARD 


This i$ a set of 8 experiments mounted on a re- 
useable PC board. Each experiment requires the 
previous components to advance in complexity. 


1 - 470R 
7 - 680R 
1 - Ik 
1 - 2k2 
1 - 3k9 
1 - 10k 
1 - 22k 

1 - 100k 

2 - 10M 

1 - lOn lOOv 
1 - lOOn lOOv 
1 - Imfd 16v 
1 - 2.2 mfd 16v 
1 - lOmfd 16v 
1 - BC 557 
1 - 555 1C 
1 - CD 4017 1C 
1 - CD 4024 1C 
1 - 74C85 1C 
1 - PE cell 


Issue 1 P16 
Issue 2 P20 
Issue 3 P28 
Issue 5 P 60 



7 - 5mm red LEDs 
6 - Molex pins 
1 - push switch 
30cm hook-up wire 
1 - battery snap 


PC board $1.85 Parts Sor 1 • 8 $10.60 
Complete: $18.45 


EXPERIMENTER DECK 

A set of 10 experiments built on the one PC 
board,culminating in an advertising sign using a 
circle of LEDs. 


Projects 1-10: 

1 - CD 4001 1C 
1 - CD 4017 1C 
1 - 15R 
1 - 22R 
1 - 120R 

1 - 3k3 

2 - 4k7 

5 - 10k 
1 - 47k 

1 - 100k 
1 - In lOOv 
1 - 3n3 lOOv 

1 - 3n9 lOOv 

3 - 6n8 lOOv 

2 - 22n lOOv 

1 - 4.7 mfd 16v 
1 - 22mfd 16v 

6 - 1N4148 diodes 
1 - 100k mini trim 
1 - 500k mini trim 


PC board $3.75 


Issue 1 P 31 
Issue 2 P 46 
Issue 3 P 55 
Issue 4 P 63 



24 - 5mm red LEDs 
1 - 5mm green LED 
1 - BC 557 
3 - BC 547 
1 - spkr 8 ohm 
30cm hook-up wire 
1 - roll of fine solder 
30cm tinned copper wire 


Parts $11.50 

Complete: $15.85 


1 - 8 watt POWER AMP PC board 


PC Hoard $2.10 Parts $0.20 
Complete: $ 8.30 


EXPERIMENTER DECK 2 • see 

DICI CHASER 
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HANGMAN Issue 6 P 5 

"Hang the Butcher" game. 

PC board is presented with issue 6. 


3 - 150R 
3 - 270R 

2 - 330R 
1 - 680R 

1 - 3k3 

3 - 4k7 

2 - 10k 

1 - 22k 

2 - 33k 
5 - 47k 
1 - 150k 

1 - 330k 

2 - 390k 
2 - 2M2 
1 - 10M 
1 - 100k mini 
1 - In lOOv cap 
1 - lOn lOOv cap 



2.2mfd 16v 


3 

1 - 22mfd 16v 
1 - lOOmfd 16v 
1 - 470mfd lOv or 16v 
12 - BC 547 

1 ■ BC 557 

2 - CD 4011 1C 

1 - IN 914 diode 
trim 2 - 1N 4002 diode 

20 - 3mm or 5mm red LEDs 
1 - battery snap 



PC board $2.9S Parts $8.00 

Complete: $10.9$ 


IC POCKET RADIO 


LED DICE WITH SLOW DOWN Mk II 


Realistic dice readout with 

3 - 330R 
1 - Ik 
9 - 10k 
1 - 3M3 
1 - 2M7 or 4M7 
1 - 10M 

1 ■ lOOn lOOv 

1 - Imfd 16v 
3 - BC 547 

2 - BC 557 

1 - CD 4017 IC 


slow-down action 


Issue 5 P 72 



1 - 555 timer IC 
7 - 5mm LEDs 
1 - push switch 
1 - battery snap 



Issue 8 

A selective pocket radio using an IC in the 
front end. 


1 - 15R 
1 - 4k7 
1 - 10k 
1 - 15k 
1 - 47k 
1 - 100k 
1 - 120k 

1 - 3M3 

2 - In lOOv greencap 
1 - lOn lOOv 

1 - 47n 
1 - lOOn 

1 - 22mfd electro PC 
1 - 220mfd electro PC 


3 BC 547 transistors 
1 - ZN 414 Radio IC 



2 - IN 914 diodes 
1 - 50k mini trim pot 
1 - 8 ohm speaker 
1 - 415 pf tuning cap. 

1 - knob to suit 
1 - ferrite rod and coil 
1 - battery snap 
1 - 24 X 25 Matrix Board 



PC board $2.95 Parts $5.00 

Complete: $7*95 


LED VOLTMETER ^ ^ ^ 

0 - 9 volt reading on a set of LEDs. 

See STEREO VU METER for parts & PC board 

PC board $2.95 Parts $9.30 

Complete: $12.25 


LED ZEPPELIN ssue i p 4 

A game of skill using a single switch to turn on 
a row of LEDs 


1 - 270R 
1 - 330R 
1 - 390R 
3 - 470R 

1 - 560R 
3 - Ik 

2 - 2k2 
1 - 3k3 
1 ■ 4k7 
1 - 10k 
1 ■ 22k 
1 - 56k 

1 - 470k 

1 - 4.7mfd 16v 

1 - 470mfd lOvor 16v 



7 - BC 547 
1 - BC 557 
1 - CD 4001 IC 
6 ■ 5mm red LEDs 

1 - 3mm red LED 

2 - IN 4148 diodes 

1 - push switch 

1 - battery snap 


PC board $1.80 Parts $7*S0 
Complete $ 9*30 


PC board $1.80 Parts $ 5.00 

Complete: $6.80 
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LIGHT THE LED 


Issue 1 P 5 
Issue 2 P 36 


A puzzle using two switches to turn on a LED. 


2 - 2k2 
2 - 22k 
1 - BC 547 
1 - 4.7mfd 16v 
6 ■ IN 4148 diodes 
1 - 5mm red LED 
1 - CD 4017 1C 
1 - battery clip 



PC board 9SC Parts $3.00 

Complete $3.9$ 


LOGIC DESIGNER 

This is the main feature in PROJECT BOOK No. 2. 

Project book 2 
with PC board $3.95 



It has 7 building blocks on one PC board. POWER 
SUPPLY, ONE-SHOT, 10Hz CLOCK, 7-SEGMENT 
READOUT, 4 BUFFERS and a TRANSISTOR 
TESTER. This project will help you build and test 
circuits on bread-board type: WB - 2N. 


BREAD-BOARD TYPE WB - 2N $13.20 


If you want to make a project permanent, use PC 
board type; 200 + 640 . 



BOARD TYPE 200 + 640$3.75 
Plug Pack $8.30 
Jiffy box $ 2.20 


■logic designer 

1 - 150R 

3 - 220R 
1 - 270R 
5 - 330R 

1 - 390R 

7 - 470R 

2 - Ik 
2 - 3k9 

8 - 10k 

1 - 22k 

2 - 47k 

4 - 100k 

2 - 555 timer ICs 
1 - CD 4024 1C 
1 - 4026 1C 
4 - BC 547 
1 - 7805 regulator 
1 - FND 500 display 
12 - 3mm red LEDs 
1 - 3mm green LED 
4 - IN 914 diodes 
4 - 1N 4001 diodes 



1 - lOOnlOOvcap 

2 - Imfd 16v 

1 - lOOOmfd 16v 


1 - 8 pin 1C socket 

1 - 14 pin 1C socket 

1 - 16 pin 1C socket 

1 - push button 

1 - heat fin for 7805 

40 - Molex pins 

10cm tinned copper wire 

length of fine solder 

20 - lengths of hook-up wire 

4 - 6BA bolts 12mm long 

4 - 6BA nuts 


Parts: $15.25 


LOGIC PROBE 


1 - 100R 
3 - 680R 
1 - 10k 
1 - 100k 
1 - 470k 
1 - 560k 
3 - 1M 

1 - 2M2 

2 - lOOpf 

1 - 2n2 lOOv 
1 - 4n7 
1 - lOn 

3 - Imfd 16v 

1 - 3mm red LED 
1 - 3mm green LED 
1 - 3mm orange LED 

7 - IN 4148 signal diodes 
1 - 1N 4002 power diode 

1 - CD 4049 Hex Inverter 
1 - 74c14 Hex Schmitt Trigger 

1 - 1M mini trim pot 
1 - 8R MINI speaker 
tinned copper wire 
1 - 30cm red flex for power 
1 - 30cm black flex for power 
1 - red E-Z hook 
1 - black E-Z hook 
Case not supplied. 



PC Board $2.$0 Parts $7.80 

Complete $10.10 
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LOTTO SELECTOR 


Issue 9. P5. 


3 - 10k 
1 - 1M 

1 - 3M3 
1 - 4M7 
1 - 10M 

1 - lOn lOOv greencap 
1 - lOOn 100v greencap 

1-1 mfd 16v electro 
1 - 22mfd 16v electro 
1 - lOOmfd 16v electro 

1 - BC 557 transistor 

4 - IN 914 diodes 
1 - 1N 4002 diode 



1 - 555 timer 1C 
1 - 74c14 (40014) 1C 

1 - 4518 dual BCD counter 1C 

2 - 4511 display driver IC's 

2 - FND 500 displays 
1 - 8 pin 1C socket 

1 - 14 pin 1C socket 

3 16 pin 1C sockets 

1 - ON-OFF-ON switch 
1 - battery snap 

tinned copper wire 



PC Board $2.9S Parts $ll.sd 
Complete: $14*4S 

MATRIX BOARD 


A small bread-boarding system with individual 
solder lands. Size: 24 holes x 25 holes with edge 
connector. 


PC board $1.80 ea 
Set oS 3 : $S.OO 




PC board $ 2 .so Parts $ 13 .S 0 


CALIBRATION SERVICE: $3.00 
REPAIR SERVICE: $6.00 
Cascading kit to make 5 digits. 

2 - CD 4026 1C PC Board $S.S0 

30 - 3mm red LEDs Pawtc CS CA 

10cm tinnd copper wire Irans 9O*>0 

1 - red plastic screen Complete: $11.00 


A green LED version of the Mini Frequency Counter 
is available in 3 digits only. PartS $1S.7S 


MINI MIXER 

and fuzz unit 


1 - 150R 
1 - Ik 
1 - 2k2 
1 - 5k6 
6 - 10k 

1 - 220k 

2 - lOmfd 16v 

1 - lOOmfd 16v 

2 - BC 547 

PC board $l.so 


Issue 6 P 64 



2 - IN 914 
1 - 5mm red LED 
1 - battery .snap 

Parts $t.oo 

Complete: $$.$0 


MINI FREQUENCY COUNTER 

100Hz to 5MHz in 3 ranges. With 3 digit readout. 

Project book No l 
with PC board $3.95 

3 - CD 4026 1C 
1 - CD 4047 1C 
45 - 3mm red LEDs 
1 - lOn lOOv 
1 - 220pf cap 
1 - IN 4148 diode 
1 - Ik mini trim pot 
1 - 10k mini trim pot 
1 - 100k mini trim pot 
1 - 3k9 
1 - 10k 
1 - 39k 
1 - 390k 
6 - Molex pins 
1 - battery snap 
1 - red plastic screen 
25cm tinned copper wire 
■■ ' '■ solder 



MUSIC COLOUR 7 

A set of 14 LEDs displays a random pattern ac¬ 
cording to the sound it picks up. Really effective 


3 

3 


2k2 

4k7 

10k 

1M 

10k mini trim 
lOOn lOOv 
22mfd 16v 
CD 4026 1C 
BC 547 

5mm red LEDS 
5mm green LEDs 
5mm yellow LEDs 


1 - speaker 8 ohm 
1 - battery snap 



PC board $ 1.90 Parts $6.80 

Complete: $ 8.70 
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NOISE-A-TRON 

Star wars type noises - 
amplified. 

15R 
2k2 
4k7 
10k 
33k 
220k 
2M2 

CD 4001 1C 
BC 557 
In lOOv 
3n9 lOOv 
lOn lOOv 

PC board $ 1.70 


Issue 4 P 28 
very effective when 


1 - 22n lOOv 

2 - 47n lOOv 

1 - lOOmfd 16v 
1 - speaker 8 ohm 
1 - battery snap 

Parts $2.80 

Complete: $4.S0 


PHASER GUN 


Issue 7 P 63 



A transistor project constructed on Matrix 24 x 25 
board. Gives very impressive sound 


1k2 
2k2 
6k8 
15k 
18k 
22k 
39k 

■ 50k mini 

■ mini trim as switch 

- 22n lOOv 

- Imfd 16v 

- 22mfd 16v 

- 10Omfd 16v 

- 220mfd 16v 

- BC 547 
BC 557 

- 5mm red LEDs 

- speaker 8 ohm 

- battery snap 

- push button 


PC board $1.80 


PILL TIMER 


Parts $4.S0 
Complete: $ 6.30 


Issue 7 P 63 


A long-duration timer to remind you to take your 
medicine! 


- 15R 


1 - 10k 
5 - 100k 
1 - 220k 
1 - 470k 

1 - 100k mini trim 
1 ■ lOn lOOv 
1 - 22n lOOv 
1 - Imfd 16v 


2 ■ 22mfd 16v 
1 ■ 220mfd 16v 
6 - IN 914 diode 
1 - BC 557 
1 - 74C14 1C 
1 - 4020B 1C 
1 - push switch 
1 - battery snap 
10 - Molex pins 
1 - speaker 8 ohm 


PC board $1.80 Parts $S.10 

Complete: $ 0.90 


'power SUPPLY 

A 1-amp regulated power supply using a 7805 
regulator. The components in this kit fit the PC 
board. You will need a transformer and powerlead . 

1 39R 

150R 
2i'0R 
470R 

bOOR mini trim 
lOOn lOOv 
2500mfd 25v 



PC board $1.80 


1N 4002 diodes 
7805 regulator 

Parts $3.S0 

Complete: $$.30 


PROGRAMMABLE COUNTER 
with AUTO RESET 

A counter which automatically resets after a given 
count and oives an audible tone. 


1 ■ 330R 
1 - 470R 
1 • 10k 
3 - 22k 

1 - 100k 

2 - 330k 

2 - In lOOv 

1 - lOOmfd 16v 
1 - 555 timer 1C 

3 • CD 4017 1C 
1 - BC 547 

3 - IN 914 diode 


Counter PC $3.10 



2 - 5mm red LEDs 
1 - push switch 
30 ■ Molex pins 
1 - battery snap 

Parts $7.10 


PROGRAMMABLE COUNTER 
AUTO RESET 


220R 

330R 

3k9 

4k7 

10k 

22k 

lOn lOOv 
22mfd 16v 
220mfd 16v 
lOOOmfd 25v 



2 - 100k mini trim pot 

1 - IN 914 diode 
4 - 1N 4002 

2 - 555 timer 1C 

1 - 7805 regulator 
1 - 8 ohm speaker 


Auto reset PC $2.20 Parts $$.$0 
Complete $ 18.90 


QUICK DRAW 

Reaction timer for two players 


3 -* Ik 

4 • 2M2 

1 - 2.2mfd 16v 

1 ■ CD 4001 

2 - 5mm red LEDs 


PC board $1.8$ 



1 - 5mm green LED 
1 - battery snap 

Parts $ 1.20 
Complete $ 3 * 0 $ 
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SQUARE WAVE OSCILLATOR 

A very handy square wave output in 6 ranges 

- Ik j—=>| issueS 

■ 3k9 iHia 


- lOOpf 

- In lOOv 
2 - lOn lOOv 

- lOOn lOOv 

- Imfd 16v 

- lOmfd 16v 

- 5mm red LED 

PC board $1.80 


1 - 555 timer IC 

1 - battery snap 
6 - Molex pins 

2 - 20cm hook-up wire 

Parts $2.00 

Complete $3.80 


ROULED 

1 - 10R 
1 - 100R 
1 - 470R 
1 - Ik 
1 - 220k 
1 - 330k 
1 - 470k 


10 - 3mm or 5mm red LEDs 

1 - BC 547 
1 - BC 557 
1 - CD 4017 IC 



2 - PC push switches 
1 - 16 pin IC socket 
1 - Battery snap 

PC Board $3.2$ Parts $4.80 

Complete $7.8$ 


STEREO MINI MIXER 

4 CHANNEL VERSION: 

Note; Photo shows 6 channels. 

2 - 150R 
2 - 2k2 
20 - 4k7 
2 - 5k6 
4 - 10k 
2 - 220k 

4 - lOmfd 16 PC _ 

2 - lOOmfd l6v electro 


6 - 10k LOG sliders 

(specify if you prefer rotary) 
4 - 5k lin pots 

4 - 6.5mm mono jacks 

1 - 8-way RCA socket 

1 - toggle switch SPST 
1 - battery snap 

tinned copper wire 


I STEREO MINI MIXER 

EXPANDER (TO 6 CHANNEL) 

2 - 10k LOG sliders 
2 - 5k lin rotary 
2 - 6.5mm mono jacks 

PC Boards $ 3.00 Parts $ 18.30 
Additional Channel: $ 3.50 


STEREO SIMPLICITY AMP 

3 separate modules combine to make an 8 watt 
stereo amplifier. 

STEREO PRE-AMP 

8 - 2k2 
2 - 10k 
2 - 15k 
2 - 68k 
2 - 220k 
2 - 2n2 lOOv 
2 - 47n lOOv 
6 ■ Imfd 16v 
2 - lOOOmfd 25v 

4 - IN 4004 diode 

2 - BC 547 

3 - 20k DUAL pots 



PC Board $3.00 


Parts $9.10 
Complete $12.10 


FOR EACH CHANNEL; 

1 - 2R7 note: 2 point 7 ohms 
1 - 22k 

1 - 50k mini trim pot 
1 - 330 pf 

1 ■ lOn lOOv 

2 - lOOn lOOv B MBBI 


Issue 5 P 10 
Issue 7 P 17 

4.7mfd 16v 
lOmfd 16v 
4.70mfd 16v 
1 N 914 diode 

LM 380 IC 


Left or right channel: 

PC Board $S.10 Parts $3.80 
Complete: $3.30 
Complete 8nd channel: $3.30 


STEREO VU METER 

Can also be converted to a LED voltmeter, see issue 
7 page 9. VU METER board presented with issue 7. 
18 - 330R 
2 - 470R 
1 - Ik 

1 - 2k2 
5 - 4k7 
5 - 10k 

2 - 22k 
2 - 33k 



4 - 47k 

2 - 100k mini trii 
4 - 4.7mfd 16v 
2 - 22mfd 16v 


PC Board $2.9$ 


18 - IN 914 diode 
20 - BC 547 transistors 
2 - BC 557 transistors 
14 - 5mm red LEDs 
4 - 5mm green LEDs 
1 - speaker 8 ohm 
1 - battery snap. 

Parts $ 9.30 
Complete: $12.2$ 
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SUPER BUG 

A super-sensitive listening 
noises in another room. 


1 - 1k5 
1 - 2k2 

1 - 4k7 

2 - 10k 
1 - 33k 
1 - 56k 

1 - 100k 

PC Board $1.80 


1 

2 

2 

4 

2 

2 

1 


TEC-1 


Issue 5 P 7 
device to pick up faint 




TRAIN SIGNALS 



■ 2.2mfd 16v 

- lOmfd 16v 

- 22mfd 16v 

- lOOmfd 16v 

- BC 547 

- BC 557 

- speaker 8 ohm 

■ battery clip 

Parts $s.oo 
Complete: $6.80 


14 - 10k 
1 - 68k 
1 - 100k 

1 - lOmfd 16v PC electro 

2 - lOOmfd 25v PC electros 

4 - 1N 4001 or 4002 diodes 

5 - BC 547 transistors 

1 - 555 timer 1C 
1 - CD 4017 decade counter 

tinned copper wire 


Issue 9. 


P. 33. 




1 - 100R 
1 - 330R 
8 - Ik 
1 - 2k2 
5 - 10k 

1 - 20k cermet 

1 - lOOpf 
7 - lOOn lOOv 
1 - Imf 16v 
1 - 2200mfd 25v 

4 - 1N 4002 diodes 
7 - BC 547 transistors 


3 - 16 pin 1C sockets 
1 - 20 pin 1C socket 

4 - 24 pin 1C sockets 
1-40 pin 1C socket 

21 - PC mount push 
switches 

1 - 8R speaker 
1 - heat fin for 7805 

4 - rubber feet 

5 - nuts and bolts 
2m tinned copper wire 
3m fine solder 

10cm desolder wick 


1 - 5mm red LED 
1 - 5mm green LED 
6 - FIMD 500 or 560 displays 
1 - 7805 regulator 


8 pin 1C socket 
1 - 16 pin 1C socket 


PC Board $2.ao Parts $4.80 
Complete: $6.80 


THROTTLE 

SPECIAL; Throttle Mk I PC boards 50C each.) 
THROTTLE Mk II 's^ue 7 P 60 


4 - 2R2 
2 - Ik mini trim 
1 ■ IN 914 diode 


1 - 1N 4002 

2 - BC 547 

1 - 2N 3055 


Mark II PC board $l.so Parts $2.t0 
Complete: $ 3.70 


TREMOLO 


2 - 8212 

1 - 2716 TEC-1 Monitor 
1 - 6116 

1 - 74c923 

2 - 74LS138 
1 - Z80 CPU 

1 - 4049 NOT Fairchild) 


Povides an effect for guitar or organ. Can be used 
with FUZZ UNIT. 


■ 560R 

■ 1k5 
3k9 

■ 5k6 
22k 
47k 



lOOn lOOv 
lOmfd 16v 
22mfd 16v 
555 timer 
BC 547 
battery snap 



PC Board $ 1.50 Parts $1.60 

Complete: $ 3.10 


PC Board $ 19.00 (post $2.50) 

2716 * MON • 1 Programmed EPROM $12.00(Post $1.50) 
Kit of Parts (including EPROM)$68.30 (Post $2.50 

All Parts & PC Board $87.30 (Post $4.50) 

You will also need a 6v lantern battery (from your local 
hardware shop) or a 2155 transformer ($5.90) and a 
power lead or a 9v AC or DC Plug Pack rated at 500mA 
($14.50) 


Complete TEC*1 with trantfomer $93.20 (Post $5.50) 
Complete TEC*1 with ring Pack $101.80 (Post 5.50) 
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groups . . . mainly those working in special 


fields such as counting and measuring. ADDING A UNIT CDUNT 



One of our readers bought 10 Counter 
Module kits, saying it was one of the 
cheapest he had seen. As it turned 
out. he managed a fabric dyeing 
business in which the fabric needed 
to be cut into 500-metre lengths as it 
came out of the drying cabinets. Up 
to now they had used mechanical 
counters which were pulsed from one 
of the output shafts of the winding 
machine. The only problem with a 
mechanical counter is its eventual 
failure. 

Each counter cost them over $90 and 
their life was between 1 and 3 years. 

Our counter, with a HALL EFFECT 
sensor or reed switch, will last over 
10 years and it costs less than $30! 

The customer converted the whole 
plant in less than a week and saved 
the probable frustration of finding 
another worn out counter. 


Another reader writes musical scores 
for movies. He adapted the counter to 
count the movie frames and thus 
sync his music to the film. 

There has also been instances of uses 
in other fields of counting such as 
white-line counting on country roads, 
coil winding and parts counting. No 
doubt there have been other 
applications which haven't been 
related back to us. And possibly 
there will be new applications to 
come. 

In our initial design, we used an AND 
display for the readout. This was 
mainly chosen for its neat 
appearance, ease of insertion and 
simplicity of design. It was also 
pointed out to us that if we used this 
type of display in the project, it would 
be imported in larger quantities and 
the price would come down. 


With devaluation and rising costs, 
not only did the price rise astro¬ 
nomically, but the lead time for 
ordering quantities, become longer 
and longer. 

The display finished up rising over 
50% and with only a couple of 
distributors handling the product. As 
this state of affairs is against our 
policy, we decided to alter the 
readout to accept a set of standard 7- 
segment displays. 

We have chosen TEXAS INSTRU¬ 
MENTS TIL 313 displays as they are 
one of the cheapest and best 
available. 

The ADD-ON feature of the UNIT 
COUNTER has been designed around 
two different circuits. Both are 
Schmitt Triggers with one being an 
1C arrangement and the other 
composed of discrete transistors and 
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^ resistors. They both produce equally 
reliable results and for those who like 
transistor arrangements, the 2-tran- 
^ sistor version is very effective. In our 
g prototype, we used an experimenter 
H board and mounted the components 
^ on the top of the board. This is by far 
M the quickest and easiest method of 
» assembly as you can prepare the 
ra whole circuit without having to turn 
^ the board over. 

We found the transistor Schmitt 
^ Trigger to be completely free of 
\ bounce and is possibly the cheaper 
and better of the two designs. 

MULTIPLEXING 

A full definition of Multiplexing can 
I be difficult to understand. In simple 
terms it is the transmission of a 
number of pieces of information at 
the same time. 

g This usually requires some form of 
coding and you will see how this is 
achieved in our project, after you read 
the following; 

Looking at the 4 displays, you will 
notice they are each capable of 
illuminating 7 segments. Each 
display can create the numbers 0 - 9 
and all the segments are illuminated 
when the figure 8 is showing. 

On the four displays, this will make a 
total of 28 segments. 

To wire up a display of this nature you 
would naturally consider the simplest 
approach. This would involve 
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This system is called 
MULTIPLEXING. 

In this design, all the 'a' segments are 
connected together, all the 'b' 
segments are Joined and similarly 
with c, d, e, f, g. This creates a total of 
7 input lines. 

You may be tempted to think that this 
Would cause all the 'a' segments to 
illuminate at the same time, but this 
is not the case. Instead of all the 
other ends (all the cathodes) being 
connected together, we only join the 
7 segments of one digit together and 
this is taken to a driver transistor. In 
our display, this will create 4 
separate lines. 

The result is, when the first display is 
showing a figure 8, we can chose 
which other display shows a figure 8 
by selecting the appropriate 
transistor. 

The next portion of our discussion 
requires you to consider the 
television screen concept. 

The 4 digit readout for the 74c926 is 
not a static display such as the sign 
outside a Milk Bar. It is a LIVING 
sign. You know that the picture on a 
TV screen is created by a single flying 
dot, leaving a very long trail. This 
phenomenon is partly due to the 
persistence-of-vision of your eyes 
and partly due to the after-glow of the 
phosphorus on the screen. 

Our display takes persistence-of- 
vision into account. When our eyes 
see a light source, it retains the image 
for about 1 /5th of a second after the 
light is switched off. A camera flash is 
a perfect example. The flash lasts 
only about 1/100th of a second but 
the blinding effect in your eyes lasts 
about 10 to 30 seconds or more. 
This means any flickering light above 
5 flashes per second will tend to 
merge together as a constant light 
source and the off periods will not be 
detected. 

By increasing the flash rates even 
higher, the sub-conscious mind will 
not be stimulated or annoyed so that 
at about 50 flashes per second, the 
displays will appear to be constantly 
illuminated. Our display operates at 
an even higher frequency and at this 
speed the efficiency of the light 
emitting diode and its response-time 
are at a maximum. 

The scanning of the display is created 
by turning the four drive transistors 
on and off in sequence. 

To illuminate numbers such as 1,2,3, 
4 on the display, the information fed 


to the 11 input lines would be as 
follows: 

Lines 'a' and 'b' will go HIGH and the 
drive to the first transistor will be 
HIGH. This will create a on the 
first display, the other three displays 
will not be illuminated. 

To create a '2' on the second display, 
all lines will go LOW or change to the 
following: 

Lines a, b, d, e, g will go HIGH and the 
drive to the second transistor will go 
HIGH. This will create the '2'. 

To create a '3' on the third display, 
lines a, b, c, d, g will go HIGH and 
also the drive to the third transistor. 
The other three displays are turned 
off when this is being displayed. 

To create a '4' on the fourth display, 
lines b, c, f, g and the drive to the 
fourth transistor will go HIGH. 

This completes ONE scan. The most 
amazing point to realize is the display 
is being scanned over 1,000 times 
per second with this same sequence 
to give the effect of the number 1234 
on the display. 

HOW THE CIRCUIT WORKS 

One of the most difficult tasks in 
electronics is matching a mechanical 
switch to a digital circuit. Most 
switches produce a large amount of 
noise and this is picked up by the 
circuit to result in false readings. One 
push of the switch may generate 10 
or even 50 counts and the only way of 
reducing this effect is to introduce a 
DEBOUNCE circuit between the 
switch and the counting circuit. 

This debounce arrangement is 
designed to remove all the extra 
'bounces' or 'noise' from the switch 
and deliver a single pulse. 

Most debounce circuits suffer from 
one major drawback. The time-delay 
of the debounce cannot accom¬ 
modate both slow pressing of the 
button and rapid pressing. The 
'debouncb delay' should be set to a 
longer duration than the operation of 
the switch. Ideally the push button 
should be pushed and released within 
this timing cycle, but this is not 
always possible. Some times the 
button will be pressed 5 times in a 
second. Other times it may be held 
down for two or three seconds. It is 
very difficult to provide for a wide 
range such as this. 

The only solution is to produce a 
universal circuit which has a very 
high degree of debounce but is not 
time-conscious. 
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To achieve this, two Schmitt Trigger 
gates can be combined together to 
obtain the high degree of debounce 
required. The first Schmitt gate 
reduces the number of pulses to a 
very low number and sends the 
output to a time-delay circuit which 
combines the string of pulses into a 
single output pulse. Each time the 
push button is pressed, the counter 
module will advance ONE count. 

This is how the circuit functions; 

When the push button is pressed, the 
input of the first inverter will go LOW 
and its output will go HIGH. After a 
very short period of time, as deter¬ 
mined by the time delay produced by 
the 1M and 220pf capacitor, the 
input of the second inverter will go 
HIGH and the output will go LOW. 
This action will advance the counter 
ONE count. 

When the button is released, the 
input of the first inverter will rise as 
determined by the time-delay pro¬ 
duced by the 330k resistor and 220pf 
capacitor. The output will go LOW 
and the 220pf capacitor in the second 
time-delay arrangement will 
discharge via the 1M resistor. The 
output of the second Schmitt Trigger 
will go HIGH and the whole delay 
circuit will be ready for the next 
pulse. 

The counter advances on the 
negative edge of the waveform being 
presented at pin 12. 


This is how it is achieved. 

In its rest condition, the two tran¬ 
sistor Schmitt Trigger circuit is 
sitting with Q1 turned ON and 02 
turned OFF. This condition is 
achieved via the 1M resistor in the 
base of Q1 turning this transistor On 
so that the voltage between its 
collector and emitter leads is too low 
to turn on 02. 

You will notice the turn-on voltage for 
02 is obtained via the voltage which 
is allowed to develop across the 
collector-emitter terminals of 01. If 
this voltage is below .5v, 02 will not 
be turned on. 

In our prototype, we measured the 
collector-emitter voltage for a 
saturated BC 547 to be about .2v. 
This is sufficient to prevent its pair 
from being turned on. 



supply is lOv, we can assume the | 
voltage across the 1 k resistor to be I 
about 1v. 

When the button is released, the 
voltage on the base of 01 gradually 
rises as the lOOn capacitor charges, 

A point is reached where 01 begins to 
turn ON and this robs 02 of its base- 
emitter voltage. 02 begins to turn 
OFF and the voltage across the Ik 
resistor, R5, is lowered. This effect is 
transferred to the emitter of Q1 and it 
sees this as a 'TURN-ON'. A very 
rapid switching action is produced 
which has nothing to do with the 
charging of the lOOn capacitor. It is 
this rapid change which clocks the 
counter one count. If it were to be a 
slow change, as dictated by the 
charging of a capacitor, the counter 
would advance anything up to 50 
counts. 


ASSEMBLY 

We have designed a new sub board 
for this project. The 4 displays are 
mounted on the board so that the 
decimal points are near the edge of 
the board. 

You will also need to fit 2 links as 
shown in the diagram, to complete I 




A debounce circuit using 2 gates of a Schmitt Trigger 
74c14 1C. (or CD 40106 or 40014 1C). 


A Schmitt Trigger circuit created from 
two BC 547 transistors. This circuit is 
buiit on TE’s 24 x 25 Matrix Board or 
Experimenter Board 3-IC’s. 


HOW THE TRANSISTOR 
SCHMITT TRIGGER WORKS 


Basically a Schmitt Trigger is a 
circuit which requires a wide voltage 
range on the input for it to change 
from one state to the other. 


Normally a transistor requires only a 
few millivolts for it to change from 
say cut-off to saturation. But this 
voltage range is increased to 2 volts 
or more in a Schmitt circuit. 


When the button is pressed, the 
voltage on the base of Q1 falls to 
below .6v and Q1 turns OFF. The 
voltage on its collector rises and this 
is passed to the base of 02 via the 1 k 
separating resistor. 02 becomes 
saturated (fully turned ON) due to the 
low value of the base resistance (10k 
-F 1 k) with the result that the voltage 
between the collector and emitter of 
02 drops to less than .2v. Almost the 
whole rail voltage is dropped across 
R4 and R5, which are in series, if the 


Fit the components to the mother 
board, using an 1C socket for the 
74c926 to prevent any possible 
damage due to soldering. The value 
of the current limit resistors can be 
selected from the enclosed table. The. 
1M pull-up and pull-down resistors 
are necessary for the chip to operate 
correctly. 

The display board is connected to the 
mother board via 11 extension wires 
and these connect from the top 24 pin 
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socket to the lower 24 pin socket. 
The 11 pins which are used to drive 
the display are easy to identify as they 
have copper tracks connecting them 
to the rest of the circuit. 

Before combining the two PC boards, 
all the components should be 
mounted and soldered in place. To 
connect the two boards together, 
solder 11 lengths of fairly stiff copper 
wire to the display board. Each of 
these wires should be of slightly 
different length to make fitting the 
two boards easier. 

Carefully push the wires into the 
holes on the mother board and adjust 
the two boards so that they are 
parallel to each other. If you want the 
display board sloping downwards, 
now is the time to adjust it. Solder 
the wires and snip any excess off. 

The ONE-SHOT or DEBOUNCE 
circuitry can be constructed on an 
Experimenter Board 3-IC's. Either 
circuit can be selected and only 3 
connections are needed between the 
Schmitt Trigger circuit and the 
counter module. 

These are: 

1. The positive rail, 

2. The negative rail, and 

3. The clock line to pin 12. 

A push button connected between 
the positive rail and reset pin 13 will 
zero the counter ready for the start of 
a counting operation. 

This UNIT COUNT project is not 
limited to push-button operation. You 
can use a reed switch and attach a 


magnet to a rotating shaft or pulley to 
count revolutions. You can count the 
number of times a door is opened via 
the use of reed switch and magnet or 
you can count the passing of objects 
as they break a light beam. You can 
even count the turns on a coil as it is 
being wound via a HALL EFFECT 
device or microswitch. 

There is no limit to the number of 
counting operations for this counter 
and since the circuit is fully 
debounced, the repetition rate can be 
as low as once per day or as high as 
3MHz. 

There are other features on the 
74c926 such as count-and-freeze so 
that high counting speeds can be 
frozen on the display for evaluation. 
The chip, in the meantime, is 
counting the next set of input pulses. 
These and other ideas will be covered 
in a later article. 

For a simple beginning, try this 
project. It will prove to be a very 
reliable, low cost counter. 



4.5v 

7 - 220R 

5v 

7 ■ 270R 

6v 

7 ■ 330R 
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The internal structure of the 
74c926 IC. It would take nearly 11 
individual chips to produce the 
same functions. 



The display board for the TIL 313 
displays. 
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- 220R Use ONLY 0 

0 7 
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- 330R 8 
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■ BC 547 transistors 8 
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- 74c926 IC 9 
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7-Segment Display 
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Cube Puzzle 

" " PC board 
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3.00 
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( ) Capacitance Meter 

( ) " " PC board 

( ) Clock 

( ) " " PC board 

( ) Large Display for CLOCK 

( ) Combination Lock 

( ) " " PC board 

( 1 Counter Module 
( ) “ “ “ PC board 

7-Segment Display 

" " PC board 

Cube Puzzle 

" " PC board 

Designer Board (Mother) 
Designer Board #1 
5 Designer Board #1 
Designer Board#2 
5 Designer Board #2 
Designer Board #3 
5 Designer Board #3 
( Matrix Board 24 x 25 holes 
{ 3 Matrix Boards 24 x 25 holes 

{ Type 200 + 640 board 
5 type 200 + 640 board 
Fibre-glass 200 + 640 holes 
Kit pack of 6 (one of each) 

Digi Chaser 


Diode Tester 


Egg Timer 


PC board 


PC board 


8-watt Amplifier 

" " PC board 

Experimenter Board 1-8 
" " PC board 

Experimenter Deck 1-10 
" " PC board 

Hangman 

" " PC board 

1C Pocket Radio 

" " PC board 

LED Dice with slow down Mkll 
" " PC board 

LED Zeppelin 


PC board 


Probe 


Light The LED 
Logic Designer 

Loqjc 


AC Plug Pack 
Jiffy Box 

Bread Board WB - 2N 
Matrix Board type 24 x 25 


PC Board 


3.60 
1.80 

17.00 

2.95 
4.70 
4.70 
1.80 

15.50 

3.25 
6.00 

3.95 
11.80 

3.75 

3.00 

3.50 

15.00 

3.50 

15.00 

3.50 
15.00 

1.80 

5.00 

3.75 

15.00 

4.50 
16.00 

12.50 

2.60 
.90 

1.50 
11.30 

1.60 

5.30 
1.80 
6.20 
2.10 

10.60 

1.85 

11.50 
3.75 
8.00 

2.95 

7.50 
1.80 
5.00 
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5.00 
1.80 
3.00 

.95 
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7.60 

2.50 
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2.20 
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Mini Mixer 
Music Colour 


Noise-A-Tron 
Phaser Gun 


PC board 


Cheltenham 3192 

584 8386 

3 Matrix Boards 24 x 25 holes 5.00 

Lotto Selector 11.50 

" " PC board 2.95 — 

Mini Frequency Counter 13.50 S 

PC board 2.50 2 

Cascade Section with red LEDs 8.50 ^ 

Additional PC Board 2.50 ^ 

Mini Frequency Counter green LEDs 15.75 ^ 


2.00 

1.50 
6.80 
1.90 
2.80 
1.70 

4.50 
1.80 
5.10 
1.80 

3.50 


PC board 

Pill Timer 

" " PC board 

Power Supply 1 amp 

" “ PC board 1.80 

Programmable Counter 7.10 

" " PC board 3.10 

Auto Reset Section 6.50 

" '' PC board 2.20 

Complete Kit 18.90 

Quick Draw 1.20 

" " PC board 1.85 

Square Wave Oscillator 2.00 

" " PC board 1.80 

Simplicity Amp parts 1 channel 3.20 

" " 2 channels 6.40 

" " PC board 2.10 

" " 2 PC boards 4.20 

Pre-amp section 9.10 

" " PC board 3.00 

Plug Pack 200mA 8.30 

^ 4.60 

PC Board 3.25 

Stereo Mini Mixer 18.30 

" '' PC board 3.00 

Stereo VU Meter 9.30 

" " PC board 2.95 

Super Bug 5.00 

" " PC board 1.80 

TEC-1 TALKING ELECTRONICS COMPUTER 65.50 

“ “ PC board 19.00 

Train Signals 4.60 

" " PC board 2.20 

Throttle Mk II 2.20 

PC board 1.50 

Tremolo 1.60 

PC board 1.50 

Don’t forget to order the PC board for 
each kit. 

Post and Pack $1.00 per kit. Computer kit or board 
$2.50 up to a maximum of $4.50. 

$mall items such as PC board are 80C for the first 
board and 40C for each additional board. 
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Address_Post Code_ 
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) ISSUE 2 $1.20 -I- 80C PEtP 
) ISSUE 3 $1.20 -I- 80C P&P 
) ISSUE 4 $1.20 + 800 P&P 
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) ISSUE 6 $3.75 -I- 800 P&P 
) ISSUE 8 $3.75 -I- 800 P&P 
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( ) Project book No. 1: Mini Frequency Counter $3.95 

( ) Project book No. 2: Logic Designer $3.95 

( ) Project book No. 3: Dual Tracking Power Supply $3.95 

( ) Project book No. 4: 3-DIGIT DVM digital voltmeter $3.95 
{ ) Project book No. 5; LOGIC DE$IGNER Mk II $3.95 
( ) FULL SERIES of above Project Books: $19.50 
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TALKING 

ELECTRONICS 

COMPUTER 

A ZSO'based single^board computer 
ideally designed for learning 
Machine Code Programming. 

LOGIC PROBE 

Ideal for testing the TEC'l, should a 
fault develop. 



WOW 


Plus $4.50 Post & Pack. 
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SHOP TALK 

Vile review our recently-released text-book: 
ELECTRONICS Stage-1. 


We mentioned some time ago that it 
is our intention to introduce an elec¬ 
tronics course into Technical, High 
and Private Schools. 

In the past few issues of SHOP TALK 
we covered some of the contents of 
various courses which were sent in 
by readers. 

From these and our own knowledge 
of how to present basic information, 
we put together a text book covering 
the first stage of electronic under¬ 
standing. We have called the book 
ELECTRONICS - STAGE 1. 

It is very difficult to gauge the content 
of a book by an outline of the topics 
as it is the facts contained in the text 
which give it a good or poor rating. 
But if the content of Talking Elec¬ 
tronics Magazine is any indication of 
a different approach to presenting 
electronics, the text book will be 
worth a perusal. 

This is a list of the topics covered in 
the book; 


and engines in real life, you don't 
study screws and bolts! In the same 
way we have re-designed the intro¬ 
duction of components and you will 
appreciate the approach once you 
read the introduction in the book. 

Any text book should aim at intro¬ 
ducing the new developments in 
electronics and phase out some of 
the older devices and ideas. 

Components such as 20% tolerance 
resistors, triode valves, black Er 
white TV theory are 10 years out-of- 
date and LCD displays, large-scale 
integrated circuits and digital circuits 
are IN. 

Electronics is progressing and 
expanding at such a rapid pace that 
we could almost allocate an entire 
text book to each type of modern 
component. 

But since this is not feasible, each 
component has to be squeezed into 4 
or 6 pages to create a compact text at 
a reasonable price. 


THE LED 

THE RESISTOR 

THE DIODE 

THE MULTIMETER 

THE TRANSISTOR PART 1 

CONTINUITY TESTER 

THE CAPACITOR 

SOLDERING 

DRAWING CIRCUIT DIAGRAMS 

AUDIBLE LOGIC PROBE 

THE DRY CELL 

THE TRANSISTOR PART II 

POCKET RADIO using a ZN 414 chip 

THE TRANSISTOR PART III 

THE 555 

CD 4017 DECADE COUNTER 
DOOR CHIME 
LM 380 AMPLIFIER 
LOGIC CIRCUITS 
THE SCHMin TRIGGER 
THE CLOCK 
UP/DOWN COUNTER 
LOnO SELECTOR 


The introduction of each of the basic 
components does not follow the 
conventional approach. They are 
covered in a sequence which very 
nearly follows that in actual daily life. 

A component is explained just before 
it is required in a particular circuit. 
After all, when you learn about cars 


I think this has been achieved in the 
book and if you are still at school or 
tertiart college, look for the book at 
your local newsagent. 

In the space left I wish to relate a 
couple of stories from the past few 
weeks, which I think you will find 
quite interesting. 


The connection between presenting 
an electronics text book and 
servicing electronic appliances may 
not be immediately evident, but the 
association can be very close. 

One of the advantages of electronics 
is its universality. Electronics speaks 
all languages and a circuit designed 
in one part of the world can usually be 
understood by a technician in another 
country. 

That is, providing a few of the basic 
concepts are adhered to. Simple 
things such as layout and 
representation of symbols are almost 
universal, however there are two 
areas where circuit diagrams leave a 
lot to be desired. These are the basis 
of this story. 


A circuit diagram should provide 
instantaneous representation of the 
workings of the equipment and it is 
not beyong reason to extend this con¬ 
cept to complex pieces of equipment 
including colour television circuits. 

And last week's Jobs reinforced my 
feelings. 

It all started with a call to a Japanese 
colour set of very recent construction. 

In fact, it was barely 18 months old 
and the symptoms were NO SOUND 
and a VERY DARK PICTU RE. As with 
many of these modern sets, 90% of 
the space inside the cabinet is air and 
the whole circuit is constructed on a 
flimsy mother board which is held 
into the bottom of the case with a 
couple of screws. 

Once these are removed, it is an art to 
extend the flying leads sufficiently to 
crank the board up and around the 
protruding picture tube so that the 
underside of the board can be seen. 

These sets have been cleverly 
designed as a throw-away product as 
absolutely no thought has gone into 
the servicing of the circuit. There is a 
complete lack of support for the 
board when it is in the up-right 
position, making the removal of 
components a 3-handed affair. The 
board has to be physically held in the 
up-right position while straining 
against the masses of connecting 
wires, to prevent it slipping into its 
resting position. 

Since the chassis is 'HOT', (live - no 
mains transformer) you cannot ask a 
member of the family to help and it is 
beyond me to know how the manu¬ 
facturers expect repairs to be 
effected. 

This is only the first part of the 
frustration, as you will see. 

I know, from my limited knowledge 
of TV faults, that Japanese sets are 
extremely reliable and most of the 
problems with new sets have been a 
dry joint or two. 


The ideas I have presented in the text 
book relating to the importance of 
layout of a circuit diagram have been 
formed after many years of studying 
manufacturers circuits, layouts and 
block diagrams. The difficulty in 
reading these diagrams came to a 
head last week. 


I maintain a circuit diagram should be 
easily read. If not instantly, then after 
a 10 to 15 minute study, the mode of 
operation should be seen. 


TALKING ELECTRONICS No. 10 43 





So I twisted the chassis while the set 
was running. At first the twist was 
very slight and this increased until I 
finally had the board and frame 
looping the loop. I came to the 
conclusion that it was not a 'delicate' 
dry-joint. Next I tapped a few 
components, especially around the 
tuner and EHT transformer where a 
dry joint can produce this type of 
fault. 

The EHT transformer, apart from 
being a very high voltage generator, 
is also a LOW voltage generator, in 
some sets. They can be designed to 
produce voltage rails for raster 
correction, vertical output, sound or 
even IF supply. 

And it is the IF supply possibility that 
I was concerned with as the fault 
mentioned above suggests one of the 
low voltage rails could be absent. 

All this prodding and twisting had no 
effect so I decided to take the major 
step of looking into the circuit 
diagram. 

This is where the frustration started. 

The whole set has been designed 
around a few large-scale integrated 
circuits. Although this makes the 
circuit diagram relatively small, the 
identification of the chips and their 
exact modus operandi is completely 
lacking. 

Even though a technician knows 
basically how a TV set works and 
where to find the various sections, 
this is not sufficient when attempting 
to locate a particular fault. 

For a set to be serviceable, the circuit 
must identify as many features as 
possible. The type of features which 
must be shown are first-and- 
foremost voltage levels. But even 
more important than this is the 
identification of voltage generators. 

As you may be aware, TV sets have a 
number of different voltage rails and 
these are generated in all sorts of 
obscure and wonderful places. 

The horizontal output transistor may 
have a 24v generated on the emitter 
lead, or one of the tappings of the 
EHT transformer can be designed to 
produce anything from 12v to 1200v. 


Some thyristor horizontal sections 
have a 30v @ 1.2amp generator. This 
is quite a high power stage in 
technical terms. And the obscurities 
go on. A 12v regulator on the sound 
board, a 12v -F 24v near the IF strip or 
a regulator, behind the EHT trans¬ 
former, which cannot be removed. 


It boils down to a constant search; 
looking for the beginning of a 
particular voltage generator. Some 
rails derive their voltage only after 
another rail has been produced and it 
can even go around in a circle with 
the initializing voltage coming from a 
"kick-start" circuit. 

So I sat on the floor with the TV lamp 
beside me, pouring over this new- 
arrival to "circuit-diagram-land". I 
glanced at my watch and thought, 
"I'll give this 15 minutes and see how 
we go." 

Well, you couldn't have created a 
more indecipherable circuit if you 
gave it to a satoteur! 

After a full 30 minutes of painstaking 
examination I had to conclude that I 
could not even decide upon a starting 
point! The layout was totally devoid 
of any arrows, making it impossible 
to tell which direction the signal was 
flowing and prevented any under¬ 
standing of which way the voltage 
was feeding the various parts of the 
circuit. 

In a situation such as this it is far 
better to halt the proceedings right 
then and there AND PACK UP. 

With the cost of labour and the 
feeling of frustration, it is not worth 
pursuing a fruitless venture. 

This is obviously a fault requiring 
workshop attention and the expense 
of lugging the set down 3 flights of 
stairs, is not worth the effort. And 
invariably the crunch will come two 
weeks later when the set faults 
again! It is better to bow out and 
retain your sanity. 

Now for the brighter part of the story. 

Three days later I was called to an 
almost-new import from Germany. 

The customer had brought out his 
fully remote control Nordemende and 
it had gone on the blink just 2 weeks 
after being unpacked. 

Again, this was the first time I had 
seen one of these models and as it 
happens, it is possibly the only one of 
its type in Australia. 

But what a difference. From the 
moment the back of the set was 
removed, you could see the 
engineering. The chassis unscrewed 
and laid flat for easy servicing, each 
module was identified with a letter 
and everything plugged into a main 
mother board. 

However the main difference was in 
the circuit diagram.The Nordemende 
circuit is beautifully laid out, with 


colour-coding for each module. As an 
ancillary to the main diagram, a block 
diagram is also supplied showing the 
position of each of the low voltage 
generators. Even though they are 
placed in absurdly stupid places, 
(such as on the sound PC board) they 
are clearly identified on the diagram. 

Each block shows the main inter¬ 
connecting lines with an arrow to 
indicate the direction of the voltage 
or signal. These features are 
essential. It reduces time enormously 
if you can see which way the voltage 
is flowing, without having to interpret 
the circuit. 

Nordemende have made their sets 
completely serviceable and although 
it may take an hour or so to locate the 
fault, it is a pleasure to work on the 
set. 

The Japanese could take a leaf out of 
any of the European technical 
manuals. Although they have copied 
the basic format they have not 
extended this to the degree required 
for easy diagnosis. 

So, what's the connection between 
the text book and TV repairs? 

Clear Schematics. 

One of the main aims of the text book 
is to show how to produce circuits 
which are presented in a standard 
format. Whether it be a simple 555 
timer or a complex digital layout, the 
presentation must be easy-to-follow. 

Even though the text book is only 
stage 1, it suggests that layout is 
extremely important when preparing 
and presenting a project. Circuit 
diagrams are like a photograph, they 
must be instantly recognised. 

And if the Japanese firm in question 
had abided by this simple require¬ 
ment, the set would possibly have 
been repaired by the writer. 


CORRECTIONS Issue 9; 


The READ/WRITE paragraph above the 2102 
diagram on P.70 of the DIGI CHASER is 
incorrect. The R/W explanation is around 
the wrong way. 

That is: information OUT of the chip when pin 
3 is HIGH and into the chip when pin 3 is 
LOW. Consider the R/W pin as “Belonging” to 
an external circuit. In other words the 
circuit reads’ the memory (takes in 
information) or ‘writes’ (supplies 
information to the memory). 

ELECTRONICS Stage - 1. 

P 68; 

On the door chime layout, add a jumper link 
from the Join of the 2u2 electrolytic and the 
22k resistor to pin 14 of the 4017. 
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2155 TRANSFORMER; $$.90 

Plus $l.SO Post & Pack. 


DUAL TRACKING $13.4S 

POWER SUPPLY Plus: $1.50 Post & Pack. 


See DUAL TRACKING POWER SUPPLY • Book 3 
in the Project Book Series. $3.95 includes PC Board. 



This project uses 2-2155 transformers to produce a 
Dual Tracking Power Supply capable of supplying 
15v - 0 - 15v at 1 amp. 

An ADDITIONAL KIT of components including: 
SPOT switch, 3 - multi strand leads, and 3 alligator 
clips is available for $7.80 plus $1.50 post and pack. 

★★★★★★★★★★★★★★ 


Board A:.$3.00 

Board B:.3.00 

Board C:.3.00 

Parts for Board A:.4.00 

Parts for Board B:.1.30 

Parts for board C:.1.60 

Parts for CONTINUITY TESTER:.1.00 

Parts for AUDIO LOGIC PROBE:.3.50 

Parts for POCKET RADIO:.9.30 

Parts for DOOR CHIME:.6.20 

PC Board for DOOR CHIME:.1 fS 

Parts for 4-watt AMPLIFIER:.3.50 

PC Board for 4-watt AMPLIFIER:.2.30 


ELECTRONICS Stage-1 
COMPLETE PACKAGE: $6S.OO 

This is the complete range of models for this text 
book. They are graded from very simple to quite 
advanced. 

Ail the parts and PRINTED CIRCUIT BOARDS are 
available from TALKING ELECTRONICS in kit form. 

Special discounts apply to Schools and Clubs for 
bulk quantities. Phone or write for prices. 


Parts for 0 - 9 UP/DOWN COUNTER;.7.50 

PC Board for UP/DOWN COUNTER:.3.50 

Parts for LOnO SELECTOR;.13.50 

PC Board for LOnO SELECTOR:.2.95 

COMPLETE PACKAGE: 


TAiKinc accTRomcf 

35 Rosewame Ave Cheltenham 3192 584 2386 
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BRAINFOOD FOR YOUR MICROBEE!! 


ADVENTURE! 

CAVERNS (16k) 

You are a greedy VIKING searching the 
nothern wastes of Norway for enchanted 
treasure. You must endure the dangers of 
the underworld of Svartalfheim. Can you 
survive? 


GRAPHIC CAVERNS (3Sk) 

Same as CAVERNS except that images 
of your surroundings are drawn up for you 
in Hi-res graphics. 



HYPERDRIVE II (I6k) 


Your tiny space craft has been drawn 
on a tractor-beam, to the docking bay of 
an enormous space liner. What is the 
mystery of this strange ship? Why is it 
deserted? Can you de-activate the tractor 
beam and escape? 


LIFE/ANIMALS (I6k) 

Plot the growth of bacteria as they 
multiply and in real life. 

ANIMALS is a game of artificial intelli¬ 
gence where the computer must guess 
what you are thinking! 


AVAILABLE ONLY FROM: 


BeeHive 



SOFTWARE 

HOUSE 


P.O. Box 548, 
CHELTENHAM, 


Vic, 3192. 


SOON TO BE RELEASED!! 

FREDDO (16k) 

You are a small, unassuming, frog who 
battles traffic and fast-moving rivers to 
get home. 

MILLIPEDE (16k) 

You stand in a mushroom patch under 
attack from hungry spiders, fleas and 
millipedes. You will never want to eat 
mushrooms again after this game! 
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Good News! TE will still be in the newsagents. 


Our LETTERS segment for this issue 
will be kept to 2 pages because of the 
length of the computer project. 

Most of the letters this month have 
been from readers wondering about 
the delayed appearance of issue 10. 
Others were a little upset with the 
possibility of the magazine becoming 
a subscription-only venture. 

I will answer these two, first. 

Sorry about the delay with this issue. 
We have been busy with an elec¬ 
tronics text book for the past 3 
months and by now it will be available 
in the shops. The book was a greater 
undertaking than first expected as 
each page had to be generated from 
scratch. Each topic, idea and circuit 
had to be developed and everything 
had to fit together as compactly as 
possible. It's a great feeling of 
satisfaction to see it complete at the 
layout stage and then have it printed, 
bound, stapled and trimmed in the 
same week. You can see it reviewed 
elsewhere in this issue. 

The second group of concerned 
readers were wondering about the 
removal of TE from the newsagent's 
stand. About 2 weeks after the 
printing of issue 9, we received a 
'returns' statement from the 
distributor which indicated that the 
sales were fairly good. Even with the 
down-turn in the economy, TE had 
not suffered at all. Mind you, sales 
were not picking up, but they had not 
fallen, and this will enable us to keep 
to the previous distribution 
arrangements. 

Magazines will appear without the 
PC board attached however the 
PROJECT-BOOK series will have the 
PC board attached as this is the 
arrangment we made at the 
beginning of the series. 

' If you do not see any of our magazines 
in your local newsagent, try your 
electronics shop. If this fails, try US. 

A number of electronics shops stock 
the magazine and a selection of kits. 
TE is a very good seller and in the 
right environment it out-sells all other 
magazines. In ELLISTRONICS, for 
instance, we sell more issues than 
any other electronics magazine! 


Enough of my ramblings. Here are 
some of the letters; 

TRI-COLOUR LED PUZZLE 

/ have enclosed a tri-colour LED 
puzzle which / have used to trick 
some of my friends. The knob is 
concealed on the back of a box and 
only the LED is visible. 



CIRCUIT FOR TRI-COLOURED LED 

By waving your had over the LED, and 
turning the knob secretly at the same 
time, the LED changes colour. Young 
friends think it's magic. 

David Gardner, 
Booiaroo, 2284. 

A very interesting circuit showing 
how the variation of the mark-space 
ratio will create the three different 
colours on the tri-colour LED. Here is 
some of the background theory; 

HOW A TRI-COLOUR LED WORKS: 

Inside the tri-colour LED are 2 chips. 



INTERNAL LAYOUT 


One is RED, the other is GREEN. 
When the LED is connected to a DC 
supply, the RED chip will illuminate. 
If the supply voltage is reversed, the 
GREEN chip will illuminate. If the 


supply is AC, or in other words, if the 
voltage changes back and forth very 
quickly, BOTH chips will light up and 
the two colours will be mixed 
together in the lens at the top of the 
LED and the result will be YELLOW. 

The circuit sent in by David produces 
a voltage which is constantly 
changing direction so that both chips 
will be illuminated. In addition, the 
mark-space ratio can be adjusted so 
that the relative brightness of the two 
chips can be altered and balanced to 
obtain a good yellow. This is not 
necessarily a 50;50 ratio as one chip 
can have a higher emission than the 
other. We found this to be the case 
with the sample LED we obtained 
from a Tandy store. It had a light 
output of about 2mcd. Compare this 
with 200mcd to BOOmcd for super- 
bright LEDs! 

VA RATING 

While building the power supply from 
issue 4, i encountered a problem 


6672 



Ov 


with the VA rating of a 6672 trans¬ 
former. 

When using this muiti-tapped trans¬ 
former, the volt-amp rating is 30. its 
output voltage is 30v and its 
maximum current capability is 1 
amp. What is the VA rating when the 
15v winding is being used? You can 
see that this is effectively using only 
half the output winding. 


A Doukakis, 
Forresters Beach, 2260. 

As with any piece of electrical or 
electronic equipment, whenever 
ONE of the ratings is reached, the 
component cannot be operated or 
loaded any further. When using the 
15v winding, the limitation comes 
when the current flow is 1 amp. This 
means the VA rating for the trans¬ 
former is only 15VA. This is one of the 
disadvantages of using a multi- 
tapped transformer. Actually a 
slightly higher current can be drawn 
but not as high as 2 amps and so the 
full 30VA can only be obtained when 
the full output winding is used. 
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On constructing the Simple Logic 
Probe circuit in issue 4 P. 60. / found 
that one of the LEDs was illuminated 
at all times when the power was 
applied. / was wondering if you could 
design a circuit in which neither LED 
was alight when the project was not 
testing a circuit. 


Rod Bent, 
Albury, 2640. 


The project as described in issue 4 
has some limitations and one of the 
LEDs will always be lit when the 
circuit is connected to a battery. This 
is a waste of power and the circuit 
has been re-designed so that both 



HIGH-LOW PROBE CIRCUIT 


Circuit diagrams are virtually non¬ 
existent and / have to rely on my 
knowledge of circuit operation from 
the past few years. This makes 
repairs very slow and to top it off, the 
sets have usually been fiddled-with. 
Leads have been disconnected, IP's 
detuned, silver paper placed across 
fuses and components bent in all 
directions. 

With plenty of time on my hands. / 
don't knock back any job on first 
appearances. A busy serviceman 
would invariably say NO! but when 
you know the low earnings of your 
fellow friends, and what a TV set 
means, you always weaken and take 
on the job. 

Some repairs are straight-forward as 
they haven't been compounded by 
Mr Fixit's and the usual fault-finding 
procedures will get the set going. 
Most of the component values can be 
created with parallel or series 
combinations and these parts can be 
taken from an old set. If the fault is 
more difficult, / use another TV or 
amplifier of the same or similar 
manufacture and use the working 
section from one unit to feed a signal 
into the non-operating set. 

For tools and equipment, we cut up 
plastic knives and forks to create 
alignment tools, any any other 
discarded pieces of metal-work we 
can scrounge. 

There is no such thing as CAN'T. 

The more insurmountable a problem 
seems to be. the greater the 
challenge. And when you finally see 
it completed, the feeling of satis¬ 
faction is great. 


LEDs are extinguished. The improved 
circuit is shown above. 


We get a number of letters from 
reaifers who are unable to visit 
newsagents, for one reason or 
another. The following letter 
comes from one such reader. It 
highlights the need for impro¬ 
visation in these situations. 

/ am a middle-aged TV serviceman 
who has found himself the guest of 
Her Majesty for a considerable 
period of time. Whilst here, / have 
been given the opportunity to keep 
everybody's TV's cassette recorders 
and radios in workable order. As you 
can imagine, without being able to 
visit the local electronics shop, / have 
to entirely make-do with what / have 
on hand. Practically everything has to 
be salvaged from discarded pieces of 
equipment and the only tester is a 
30k multimeter. 


/ have achieved success on projects 
which / would normally have shelved. 
Unfortunately / can't build any of the 
digital projects from Talking 
Electronics as the IC's are not 
available in old equipment! But / still 
enjoy reading the articles, for the 
time when / will be able to get to an 
electronics store. 

Once again, thanks for the magazine. 

CoUn Roberts, 
Adelaide. 5001. 

COLLECTOR OF EVERYTHING 

/ felt / must write to you regarding the 
article "My Thoughts" on P. 66 of 
issue 9. / have been collecting and 
hoarding empty cases from watches, 
cigars, motor extras, cassettes, and 
tools for the past three years and / am 
always finding them handy for 
housing projects and for storing 
components. It's possibly because 
they don't cost me anything, that / 
appreciate them all the more. 


It seems to be a characteristic of 
hobbyists, to collect anything that 
may have the slightest usefulness in 
the future. Thanks for the article. I'm 
glad I'm not the only hoarder. 

/ J Flemming, 
Rutherglen. 3685. 


/ have been buying Talking 
Electronics ever since the first issue 
and have found it to be very 
informative. 

/ have been an electronics hobbyist 
for quite a number of years and have 
successfully built many projects. 
They usually work first time as / have 
found the secret to success. 

It is to check, double check, then 
check-again. each stage of con¬ 
struction. 

But the main reason for writing is to 
relate a recent incident. / was 
unfortunately involved in a motor 
cycle accident a number of years ago 
and as a result of this, / attended a 
rehabilitation centre famine months. 

/ was greatly involved with elec¬ 
tronics at the centre and / built a 
number of projects for both myself 
and the centre. I also helped some of 
the others who were also con¬ 
valescing. There were people who 
had trouble constructing even the 
most simple of projects and / was 
pleased to be able to help them and 
also show them where they went 
wrong. 

The best method of learning, / have 
found, is to make a mistake! It is then 
a matter of going through a circuit 
and check each component until the 
fault is found. Our electronics 
supervisor once told me that the 
most valuable aids in servicing any 
piece of equipment are your nose, 
ears and eyes! And / have found this 
to be very true. This is very similar to 
the view-point in TE. / like the way 
you explain how to locate and rectify 
a problem in simple language. It's 
very easy to achieve something once 
you have been shown, but the first 
time out, it's a mystery. 

N F Bush, 
Canterbury. 2193. 

This is exactly the way I approach 
everything, too. 

It's only from your own mistakes that 
an improvement can be made. 

If every project works so well, like 
you say, I hope you will be con¬ 
structing the computer project. We 
need lots of feed-back on pro¬ 
gramming, applications and add-ons. 
If anyone has any suggestions, send 
them in immediately. 

- Colin. 
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ELECTRONIC KITS 


These kits are easy to build and contain 
all the parts. There are 15 different kits 
to choose from and they cost only 
$4.50 each, plus 80C post and pack. 
You can buy 4 kits for $16.00 plus 
$2.00 post and pack. These kits are an 
ideal starting point, so send in today. 


Plus 800 post and pack. 

Any 4 kits: $16.00! 

Plus $2.00 post and pack. 

•mail order only. _ 


□ SINGING BIRD 

□ RAD I O — sold out 

□ ELECTRONIC ORGAN 

□ TOUCH SWITCH 

□ MOSQUITO REPELLER 

□ ELECTRONIC TIMER 

□ SLEEPING BELL 

□ SOUND SWITCH 

□ PHOTO ELECTRIC SWITCH 

□ WATER PURITY TESTER 

□ POLICE CAR SIREN 

□ MORSE CODE 

□ FLASHER A 

□ DECISION MAKER K 

□ ELECTRONIC SIREN 
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...continuing our series: TEN MINUTE DIGITAL COURSE.... 


“BUBBLES” 

Circles OR ftoftSLES ARC Quire OFTEN FOUmq ON GATEfe 
SoilOnq- Blocks And can cause a xor or T/minq problems if Not 
OnOERSTOOO. i 

This is how to interpret “n?£M-- 

The EASiesv i&ossleto onoerstano appears at the output or fl ^urrER: 




-6 u 66 le,circle or^not" (knot). 
The Bossle indicates inversion or the sienal This means ; 

WHEN The input is coW The output is Hiqh 
2 l when the input is Hiqh the output is low 
Tie same applies to these gates- 


o- 

NANO GATE 


i>- 

NOR, GATE 


ThC BU66 LE INDICATES The COMPLEMENT OR/ N£GflT\\/£ OUTPUT - THIS 
IS indicated GY The M AT Th€ FRONT Of THE AND GATE & OH GATE. 
To DETERMINE The EFFECT Of THE BuSSLE FoR SHY THE AND GAT€ JT IS 

necessary To loor up the truta ya 6 l€ for an and gats And 
INVERT The output roR all the input possibilities. The sams 
APPLIES To THE NOR/ GATE . 


8UT SUPPOSE A SUBBLE IS PLACED AT THE fRONT Of A GATE THUS: 

THIS IS STILL BN INVERTER 
NOT GATE, 


This meaiosthe SUFFER will ge riis+i fn the output etc |9S 
S.HOVN above. . 

MORE importantly ThE GUfFEP. IS DESIGNED Tb CHANGE 
state. COHEN The input goes low. . . . . 

we SAY that The SUffER is '"active" when a logic low is 
Gpplieo To the input. 

.This may not have much significance AT This E>tage 6UT 

Yo'i nill see has a lot To Do L31TH T/m/ngof the /npot Signac 
AS Explained in the next frames. 
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OOlPOT 


qNO'&flT£ CJITH ON£ 
N6GflTEJ:> INPUT ' 

. 



And gate with Z ! 
HEG^Teo INPUTS. 
OPElWTeS THE SAME 
H MOfl 


“The (jfTTE Will 6e Rctwe CthHT i5' 
pRoooce F) Hl&HON-T}^e output'N U?H€nI 

INPUT R IS Lo<3\C Hl&H (Ti+€ SAME 
flSSRYii^Gr '"HIS-H"'\ flNO INPUT 6 
IS 4jOQrlC Low, 


TfiE OUTPUT C WILL ftE HI&H WHEN/ 

input R is Low HMD 6 IS Low. 

'This result is Uot the srme Rs r 
NAnO QHTE op. fll^< flNO GATE, So TH£ 
ETEECT OETHE Su 86LES RT THE fKONT 
RRS PR.OOUCEO fl OirfER.EiUT TYPE Of 
GATE. 

^ SHOW THIS we UJfLL HflVE. To P^EfEP. TO 
TftUTH TRISLES. 

“The premise EOR^THE TXOth TRSte 

QlNi-riRL fRCT^LlES IN THE NEED fOR. 
10OTH INPUTS TO GO To CR.eRT£ THE 

HIGH OUTP ^. _ 
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IMPOR.-tH(UT 
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Goes low. 
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TflSLES 

;HR.£ the// 

'S>RM£ M 


^ Whb/6oth inputs tor gate have 

%Kie>U£S RS SHowry/ jls) GRTE 1 WE 
CRLLTHE GATE R NEGRTEO fiNO 

gate: rndthet^oth thsle fog. 
-This GITE IS, ^HOUJN flSoUE . 

'TTTis ie>th£s.rme set of outputs 
ftSfoR. -R WoR. QRT-E RNO So THE 
^Tva/o are Similar, in oP£g-flTiON/ - 
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(JutJftLES CW WRV€ ONUSUlPiL CaKJS6<3(uaN/C£S 8< CrtRiE MOST (?>£ -TflK^lO 
■TQ 0£TE<isMlM£ 'THE. m^L EffECT. TofKj llOSTfiNCE flM flNO CrATE CflM gg. 
SO<2s‘?r5>TU-^£D FOR. RN OR. QflTE PROVIDED 9 ll ^THE INPOT UXxIC LEVELS 
RR.E REVERSED. 

SiMtLfiRLY HK OR <aRTE CRN SE SVSSTITUTED FOR AN flNO <»flTe 
PROVIDED ALL THE LQGlC (iNPVT) LEVELS ARE REVERSED. 

HERE ARE TWO MORE : 






A negated KOR gate ACTS fl$ AN flKO GATE . 


O 



fl negated kAno gate Acts as an OR. Gate. 
SuGGles Also appear, P/./P -/^/.oP Diagrams • 
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-This l/N€ triggers the FLlp FLOP ON LOW CLOCIG'LdvEtif 


.T 


4 


ClK. 


u 


N 




WITH NO 6U6ftL€ -T^^E CLOCK. TTRiGGERS ON HIGH LEUeL 


The flip flop Will clear, (,cl(C\ 
(ohen-this LiN^ IS low/. , \ 

tjE‘Sflr rr islflCTWE Low (LiNE) 

(AN) 
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„ TRiflfs/Q-LE fir THE CAOCIC IsjPUf 



llslOICflTES P06lT\V£-E0GE 

T1 i 


/nbkfkES NEGm\VE-£0^£ TRlGrGER,fi\/Q-. 


SV} 6 >g>LeS OWLY COME IK/rO IMPOflrr^hfCE U)HEM R COMPLEY 
: Clf^QOlT IS B^MVCr.C(WST«.UCT£D *.“rHE T/Mlivq- Of EfiCri 6 lock^ 

■ UEEJss-TO 6^ co-a^iNfir^o. You cris/ see ^hrt f) flip-yloP 
...withoOTB 6uS6i-£ l^CHcie,- ou^-or -phbse ComPBUeo ioitr 

.ONE ttRviNft fl 6u66LE . ...flMO-hHUS IT mRY 6E Too /-RTE it) 


„LXflbErt .ft ,Ci.OCJC- P UJ^SE. 
.L|SjQiPa&n-wE 0*1 Ne<8ififTvVE 
. ijiOTb. ftccogisTT, 


£OQE-TRl(»EER,irv/^ MOST SE TRtCEN/ 


„ XT 15e ftgsftte onthe AMpufieRi- 

iNpICflfTES.** ISIS., 



• zC>-=:^> 

(QIThE BU68LES cancel ERCH OTHER. 

OUT^-THE Dlfl<3tERM IS CORRECT. 
(b)THfc And sate SHOOtO SE R HRND 
(O^REflNO SHOOLO BE R NOR, 

Cc\) the And should be RnJ or gate. 

nTlE 60 S 6 LE sic 
TRiRNEL£; /NOiCflfTE; 

Q L_ (oiKCQftTvve - edge 
— \ trigger INfr. 

Cb)flCTwe tow CLOCK. 
^IPOSRVVE-EDGE triggered CLOCK. 

o-D 

Answers: ^ ^ . 

I.(a) buV C^IS ALSO CORRECT. 2.io) 

3Cd^ 4-.(o). 
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number of each item you require in the box. 


RESISTORS 

□ 

470R 

□ 

56k 

all !4 watt 5% 

□ 

560R 

□ 

68k 

30 each 

□ 

680R 

□ 

82k 

n 

1R 

□ 

820R 

□ 

100k 

□ 

2R2 

□ 

Ik 

□ 

120k 

□ 

10R 

□ 

1k2 

□ 

150k 

n 

12R 

□ 

1k5 

□ 

180k 

n 

15R 

□ 

1k8 

□ 

220k 

n 

18R 

□ 

2k2 

□ 

270k 

n 

22R 

□ 

2k7 

□ 

330k 

n 

27R 

□ 

3k3 

□ 

390k 

□ 

33R 

□ 

3k9 

□ 

470k 

□ 

39R 

□ 

4k7 

□ 

560k 

□ 

47R 

□ 

5k6 

□ 

680k 

□ 

56R 

□ 

6k8 

□ 

820k 

□ 

68R 

□ 

8k2 

□ 

1M 

□ 

82R 

□ 

10k 

□ 

1M2 

□ 

100R 

□ 

12k 

□ 

1M5 

□ 

120R 

□ 

15k 

□ 

1M8 

□ 

150R 

□ 

18k 

□ 

2M2 

□ 

180R 

□ 

22k 

□ 

2M7 

□ 

220R 

□ 

27k 

□ 

3M3 

□ 

270R 

□ 

33k 

□ 

3M9 

□ 

330R 

□ 

39k 

□ 

4M7 

□ 

390R 

□ 

47k 

□ 

10M 


ELECTROLYTICS 



r~l 1 mfd 50v 

PC mount 180 

□ 2.2mfd 16v 

" " 

180 

□ 4.7mfd 35v 

" " 

180 

□ lOmfd 16v 

" " 

180 

□ 22mfd 16v 

" " 

220 

□ 47mfd lOv 

" " 

250 

□ lOOmfd 16v 

" " 

280 

□ 220mfd lOv 

" " 

350 

□ 220mfd lOv 

axial 

350 

□ 470mfd rOv 

PC mount 400 

□ lOOOmfd 16v 

" " 

750 

□ lOOOmfd 25v 

" " 

850 

□ 2200mfd 35v 

axial 



■o 2 
25 


0) > 


> 

7 ) 


(0 


□ FERRIC CHLORIDE 250mi 3.30 

□ No 60 drill 85 

n Pkt of 20 transistors 2.40 

[D 100 transistors: so bc547. so boss? 9.00 

□ 2V4’ ’speaker 8 ohm 1.00 

□ Pkt 50 assorted LEDs 5.50 


INTEGRATED CIRCUITS 


□ 

4001 

40 

□ 

4011 

40 

□ 

4015 

1.10 

□ 

4017 

1.50 

□ 

4020 

1.50 

□ 

4024 

1.10 

□ 

4026 

2.60 

□ 

4040 

1.30 

□ 

4047 

1.20 

□ 

4049 

90 

□ 

4069 

80 

□ 

4510 

1.45 

□ 

4511 

1.45 

□ 

4518 

1.45 

□ 

74c14 

1.00 

□ 

74c85 

1.20 

□ 

74C923 

6.80 

□ 

74C926 

6.80 


□ SAB 0600 

7.30 



□ LM 380 

1.60 

□ lOOpf 

15 

□ LM 383 

2.80 

□ 220pf 

15 

□ 555 

40 

□ 330pf 

15 

□ 2102 

1.60 

□ 680pf 

15 

r~i 2716 BLANK 

4.50 

□ In 

15 

r~l 2716 TEC MON- 

112.00 

□ 2n2 

15 

□ 6116 

8.50 

□ 3n3 

15 

□ Z80 

5.50 

□ 3n9 

15 

□ 8212 

2.20 

□ 4n7 

15 

□ 74LS138 

60 

□ 6n8 

15 

□ BC 547 

15 

□ lOn 

15 

□ BC557/6 

15 

□ 22n 

15 

□ 7805 

1.10 

□ 47n 

15 

□ 7905 

1.30 

□ lOOn 

15 


□ 1N9141N4148 5 

□ IN 4002 200v 15 

[~~j LEDs red 5mm 10 
[[] LEDs red 3mm 10 
Q LEDs green 5mm 20 
r~l LEDs green 3mm 15 
Q LEDs orange 5mm 25 
[[] LEDs yellow 3mm 25 

I I LOR LIGHT DEPENDENT RES. y5 


1C SOCKETS 


□ 8 pin 

20 

□ 14 pin 

25 

n 16 pin 

30 

□ 18 pin 

35 

Q 20 pin 

40 

□ 24 pin 

60 

□ 40 pin 

90 


Address 


EXPERIMENTER PARTS co. 

2 Ethel St, Moorabbin, 3189. (man omw only) Total enclosed: $. 


Min PSP S1.0C 
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Learn DIGITAL ELECTRONICS with: 


THE AUSTRALIAN DIGITAL 
ELECTRONICS SCHOOL 



Todays rapidly expanding technology 
almost entirely revolves around digital elect¬ 
ronics. Now IS the time to learn and master 
this enormously valuable technology. With a 
secure grasp of digital operations, you can be 
assured of a safe and rewarding career. But 
you must know basic electronics absolutely. 
THE AUSTRALIAN DIGITAL ELEC¬ 
TRONICS SCHOOL covers these require¬ 
ments with a new digital course. And the 
price is an exceptionally low $100. The basic 
theme of the course is to get you acquainted 
with digital building blocks through pro¬ 
grammed instruction, combined with actual 
construction. 

The course consists of 5 lessons. You will be 
required to construct 2 digital projects and 
you will start with a preliminary parts identi¬ 
fication and soldering ability test. From there 
you will be guided through 2 interesting 
projects which are sent into the school for 
examination and marking. These will be 
returned and remain your property. 


A test accompanies each lesson and these are 
also sent into the school to be corrected by your 
instructor. 

Individual attention will be given to each 
student and you progress at your own rate. 
This is the most important aspect of this 
course. You can repeat any section until it is 
fully understood. You can also ask for any 
additional help releyant to the topic. 

So don't delay. This may be the turning point 
in your career. You may think you kno^ 
electronics, but until it is put to the test and 
you receiye an assessment, you may have 
some false understandings. 

The reverse side of this page contains your 
PRELIMINARY TEST. Answer the 

questions without seeking any additional 
help as this will be used as your beginning 
reference level. 


THE AUSTRALIAN DIGITAL ELECTRONICS SCHOOL, Box 334 Moorabbin, Victoria, 3192 

TALKING ELECTRONICS No. 10 5S 










■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 

ENROLMENT FORM: 

THE AUSTRALIAN DIGITAL ELECTRONICS SCHOOL 
Box 334, MOORABBIN, VICTORIA 3189. 

Photocopy this page or apply on a plain sheet of paper. You will be sent a PRELIMINARY 
TEST sheet by return mail. 

Name:. 

Address:.post code:. 


I wish to enrol for the DIGITAL ELECTRONICS course: 
( ) I enclose $100 as full payment. 

( ) I enclose $20 for the first lesson. 

( ) I enclose $.for.lessons. 

( ) Please send lesson 1 COD. I will pay the postman $24. 

Please debit my bankcard: $. 


EKEninnnnnnnnnnn 

signature:. 
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TALKING 

ELECTRONICS 

COMPUTER 



-by John Hardy 
PC layout: Ken Stone. 


Parts: $ 68.30 
PC board: $ 19.00 


One of the main features of the 
TEC-1 will be to teach 
programming in Machine 
Code to create your own ViDEO 
GAMES. 


If you think TALKING ELEC¬ 
TRONICS Magazine is a good place 
to start learning about electronics, 
you will find our TEC-1 computer 
absolutely fantastic. 

We have spent many hours looking 
into the type of computers on the 
market and also computer kits. 
Nothing has come up to the 
capabilities of the unit we are about 
to describe. And more important, you 
will learn the facts and operations of 
programming from ground level. We 
will assume you know nothing and 
thus place special attention to 
covering the meaning of every term 
and feature as it comes up. 

The only requests we make are the 
following: 

You must have already constructed 
at least 6 projects from Talking Elec¬ 
tronics or equivalent magazines and 
it would be nice for you to have built 
theDIGI CHASER and say a couple of 
equally difficult projects such as the 
LOTTO SELECTOR and CLOCK. 




This means you will be accustomed 
to soldering fine connections and 
know how to prevent making bridges 
between lands. 

Fortunately the computer board has a 
solder resist mask and this means 
only the individual solder lands are 
exposed and they are already pre¬ 
tinned for easy soldering. 

However some of the lands are close 
to one-another and a small low- 
wattage soldering iron is required for 
the project. 

We have built 4 final designs and they 
all work perfectly. On one board we 
accidently created a solder bridge 
and this needed a little trouble¬ 
shooting, but we finally found it. So, 
for this reason, each kit includes a 
length of de-solder wick to mop up 
the surplus solder. 

If you don't have a small soldering 
iron, fine solder and desolder wick, 
they will have to be obtained before 
constructing the kit. 


The potential for TEC-1 is 
enormous. Games boards will 
be available for the complete 
range of SPACE and adventure 
programs. 


BUYING THE KIT 

One thing you may not be aware of, is 
the need for one special chip. 

Every computer requires a specially 
programmed chip so that it will start 
up and execute the correct 
operations. This chip can be likened 
to the BOSS in a work establishment. 
The chip we are referring to is the 
2716 EPROM. You can buy it quite 
cheaply at any electronics store but 
unfortunately it is BLANK. And 
obviously it won't do a thing if you put 
it into a computer. To be of any use 
you will have to program it or write a 
program for it yourself. 

Obviously this is way out of the 
question and so you have to buy one 
which is pre-programmed, from us. 

For this service you have to pay a 
programmer's fee. A lot of time has 
cont. P 60.... 
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AN OVERVIEW: 

The TEC-1 is a single-board 
computer with readouts in the form of 
7-segment displays. The complete 
unit is shown in the photograph. It 
contains its own on-board regulated 
power supply which needs only an 
AC input for the computer to be fully 
operational. 

The key pad is constructed from 
individual switches inscribed with 
hexadecimal numbers 0 to F and 4 
switches labelled AD for address, 
GO, + for incrementing the address 
and — for decrementing the address. 

The computer will play a number of 
games as well as present the 
alphabet and all this is contained in 
the 2716 EPROM which is directly 
above the speaker. The TEC-1 can 
also be connected to 8 output 
devices and they can be turned on 
and off in any combination as 
determined by the program you write. 
This program is stored in the 6116 
RAM and any information in this chip 
is lost when the computer is turned 
off. 

The reset button above the empty 
expansion port socket will reset the 
computer to the first address location 
(0800) and by pushing the GO button 
TWICE, any program you have 
entered into the computer, will run. 


The computer contains 2k of RAM 
and this is programmed in machine 
code. Machine Code is very memory 
efficient and has a fast execution 
rate, making it possible to create 
high-speed programmes for video 
games and multi-function controlling. 

Extra memory can be added via the 
expansion port and this is added to a 
daughter board directly above the 
main board via a dip header plugging 
into the expansion port socket. This 
will increase the capabilities of the 
computer to 12k plus 2k of memory- 
mapped in/out ports. 

The speaker has two functions. It 
gives an audible beep every time a 
key is is pressed and becomes the 
output when music or tones are being 
played. 

All the names of the chips are written 
on the overlay of the board and in 
simple terms they provide the 
following functions: 

8212 - drives each digit for the 
display via buffer transistors. 

8212 - drives the segments A - G and 
the decimal points for the display. 
2716 - EPROM (Erasable Pro¬ 

grammable Read-Only Memory). 
This has been programmed by John 
Hardy and contains the brains of the 
TEC-1. 


6116 - The RAM (Random Access 
Memory) into which you put your 
own program. The Z80 also uses it 
during the operation of some of the 
programs. 

Z80 - The heart of the computer. 
4049 - The oscillator or CLOCK for 
the TEC-1. 

74LS138 - selects between ROM 
(2716) and RAM (6116). 

74LS138 - Selects between key¬ 
board and display. 

The photograph has been illuminated 
from the rear to show the tracks on 
the underside of the board. Normally 
these tracks are hardly visible as they 
are hidden under the solder mask. 
Notice how neat everything is 
presented. You can credit the superb 
layout to Ken Stone who recognises 
the importance of making a project 
look appealing. Note especially the 
few resistors and capacitors required 
for a fully digital project. 

The 20k cermet pot has been 
specially chosen as it has a cover 
which is connected to the wiper 
contact so that the pot can be turned 
with your fingers. This controls the 
speed of the operation of the 
computer and you will be using this 
control quite a lot. 

The output pitch of the notes will vary 
according to the setting of the speed 
control as will the difficulty of the 
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games and the scrolling of the screen 
when the letter sequence is 
addressed. 

All chips are mounted in sockets for a 
mumber of reasons: 

1. It looks professional. 

2. It makes construction easy, 

3. It makes testing and replacement 
easy, and 

4. You can test other chips in the 
sockets. 

The 100n capacitors are miniature 
solid dielectric types, about the size 
of a match-head, and they are 
specially suited to removing any 
spikes generated by the chips or from 
the power supply. 

The TEC-1 will operate from a 6v 
battery such as a 509 lantern battery 
or from the mains via a transformer. 
The 7805 regulator keeps the 
operating voltage at 5v which is 
absolutely necessary for the chips we 
are using. 

The battery back-up arrangement 
means you can have a battery sitting 
beside the computer in case the 
power fails or if you wish to change 
the computer from one room to 
another. When the battery back-up is 
operating the complete TEC-1 is 
operating as it is not posssible to 
power-down the Z80 without it 
affecting the contents of the RAM. 

There are two empty 1C sockets as 
well as a number of rows of holes on 
the board. These are for later 
expansion and not used at this stage. 

The RESET key can be positioned 
near the display is desired. It is 
connected via 2 jumper leads to this 
lower position. 

Finally you will be pleased to know 
the TEC-1 doesn't need any TV 
monitors, additional keyboards or 
bulky power supplies. It is self- 
contained on the single PC board. 


THE EXPANSION PORT 

The expansion port socket can be 
used in two different ways. 

1. It can be used to increase the on¬ 
board memory of the computer to 4k 
RAM by inserting a 6116 RAM 
with 1C socket, directly into the 
vacant space. 

2. Alternatively, the expansion port 
can be used to increase the memory 
on steps of 2k by adding a daughter 
board above the main computer 
board. This will take a row of 5, 6116 


chips and a bank of latches. Each 
6116 will provide 2k of RAM and this 
is one of the add-ons which will be 
described in the next issue. 

Each of the chips on the daughter 
board is selected by a line from the 
74LS138 (near the clock oscillator). 
It is known as an address decoder 
and the first decoded output selects 
the EPROM. The second output 
selects the on-board 6116, the third 
selects the expansion port socket. If 
a duaghter board is used, the first 
chip on the board is selected and so 
on until 7 lines are used. 5 individual 
wires must be taken to the daughter 
board to provide this selection 
feature. They are taken from the 5 
unused holes near the 74LS138. 

To give an indication of the amount of 
memory you may require, here is a 
simple guide: 

Each 6116 will accept 2048 bytes of 
information. A normal program 
contains between 1 and 4 bytes of 
data per instruction and this means 
one 6116 will accept about 600 
instructions! To hand-assemble a 
program of this length wuld take 
months. We have only 3/4 filled the 
2716 and you will be amazed at the 
capabilities of its contents. 


So you can see, 2k will be quite 
adequate for most purposes. 

The main use for the expansion is 
when the microcomputer is 
colecting and storing its own data for 
later retrieval. In this mode the 
computer can use up an enormous 
amount of memory, very quickly. 

Take an example of a music 
sequencer. 2k of memory will last 
about 10 to 20 seconds. Or an echo 
unit. This will last less than 1 second! 

BATTERY BACK-UP 

To use battery back-up, diode A must 
be installed. Connect the battery via a 
switch so that you can move from one 
location to another. Switch the 
battery OFF when the computer is 
using the mains power. 

MARKING THE KEY-TOPS 

The key tops can be lettered using 
LETTRASET. 16pt letters and 
numbers are used for 0 - F and 12pt 
letters for the AD and GO keys. 

A coat of nail varnish will stop the 
lettering from wearing away. 


THE FUNCTION OF EACH CHIP 
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TEC-1 is a complete microcomputer on a single 
PC board. 

The function of each chip will become dearer 
after reading the text. 

The most important concept is to understand 
how each chip is controlled by the Z80. 

The above diagram shows where the ROM, 
RAM, Z80 etc are postioned on the board along 
with the other chips and devices. 
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been spent to get a set of instructions 
into the 2716 EPROM and each is 
individually filled from a master and 
verified, before it is added to a kit. 
This takes time and royalties are due 
to the designer, like the sale of a book 
or record. This accounts for its high 
cost. 

We have called the EPROM a 2716 
but actually it is a 2716-MON-1 
EPROM, indicating it contains a 
program. 

This is the only expensive chip. All 
the others have been chosen for their 
low price and availability. This is the 
way we approached the design of the 
computer. We looked at the price of 
each component and arranged the 
design around the low priced items. 

The only components special to the 
TEC-1 are the EPROM and the 
printed circuit board. All the other 
components can be purchased at 
major electronics shops. The only 
advantage with buying a kit is the 
saving in time and frustration. 

It would be very rare indeed for you to 
be able to buy all the components at 
one electronics shop. And so you will 
have to spend time and money in the 
hope of saving money. 

In addition, there are a couple of 
pitfalls for the inexperienced. For 
instance, 4049 chips made by 
Fairchild should be avoided. They do 
not work in our situation. Also the 
push buttons should be the type 
suggested as one of the links inside 
the switch is used to create the 
wiring for the matrix. 

The price structure for each kit is 
broken up as follows: 

1. The Printed Circuit Board. 

2. The 2716 MON-1 EPROM. 

3. The kit of components. 

The only other parts you will need to 
purchase are a 2155 transformer and 
power lead or a 9v DC plug pack rated 
at 500mA. You can, of course, use a 
lantern battery. This will be sufficient 
to operate the computer for about 5 
to 8 hours, but will prove to be a very 
expensive way of running the TEC-1. 


WHAT THE COMPUTER 
WILL DO 

When you are going to spend a lot of 
money on a project and a consider¬ 
able number of hours in its assembly, 
it's nice to know what the project will 
do. 


Here is a summary of the first stage of 
the capabilities of the computer. 
Apart from the obvious experience 
gained in assembling a computer, the 
TEC-1 will make you aware of the 
chip-types required to create a 
complete system. 

You execute some simple programs 
which use pre-programmed infor¬ 
mation from the EPROM and display 
it on the screen. If we take the letter 
program for instance, you create a 
single static letter,then add another 
letter and enable them to run across 
the display. Finally you create your 
own words and sentences which can 
be made to pass across the display at 
a rate determined by the setting of the 
SPEED control. 

But most important you learn some of 
the instructions necessary to write 
your own programmes. 

You also learn to increment and 
decrement the memory address to 
look at the contents of each location 
and possibly alter it if required. 

You carry out the same procedure 
with a set of tones and these can be 
combined to produce a tune. You can 
also access two tunes in the ROM 
and this will give you an indication of 
what can be achieved. Your own tune 
can be added to the end of the 


PRICES: 


Here are the prices for the TEC-1. 

Depending on how much you already 
have in stock and how you intend to 
construct the project, so the price 
will vary. Don't spoil the ship for a 
ha'penneth o' tar. Use only the best 
components. 

Complete kits are available at our 
larger outlets and the PC board will 
be available with pre-programmed 
EPROM from some of the other 
outlets. As a back-up service, the 
complete kit will also be available 


RUNNING WORD DISPLAY and 
create a wide variety of possibilities. 

There are also three games in the 
EPROM and these can be played in- 
between the educational pro¬ 
gramming. 

The first game is NIM. Everyone knows 
this game as 23 matches. The address 
location for this game is 03E0 and the 
computer starts with 23 on the display. 
The object of the game is to try and 
leave the computer with last , match. 
You can take 1, 2 or 3 matches during 
your turn. Believe me, it isn't easy. 

The second game is LU NA LAN D E R. Its 
address is 0490. The numbers on the 
screen represent velocity and height. 
You are required to land on the surface 
of the moon at zero velocity without 
running out of fuel. The full details of 
this game are on the last page of this 
article. 

The third game is INVADERS. A 
number is set up on the left hand end of 
the display and invaders approach from 
the right. See the article on how to 
exterminate them on P 74. 

Difficulty is set by the speed control and 
your score apprears at the end of your 


This is only the beginning. In the nexi 
issue we will expand the TEC-1 anc 
interface it with the outside world. 


through the magazine as listed on the 
kit pages. Remember, the board is 
double screened and solder masked 
to give a classy finish to the project, if 
you have never made your own PC 
boards before, don't start with this 
board. The work involved in making a 
board of this complexity is enormous 
and the result will be nothing like the 
cover photo. 

The only two outlays you have to 
accept are the PC board and the pre¬ 
programmed EPROM. All the rest 
can be obtained from your local 
supplier. 


PC Board $ 19.00 (post $2.50) 

27 IO * MON • 1 Programmed EPROM $12»00(Post $1.50) 
Kit of Parts (including EPROM)$08.30 (Post $2.50 

All Parts & PC Board $87.30 (Post $4.50) 

you will also need a 6v lantern battery (from your local 
hardware shop) or a 2155 transformer ($5.90) and a 
power lead or a 9v AC or DC Plug Pack rated at 500mA 
($14.50) 

Complete TEC*1 with transformer $93.20 (Post $5.50) 
Complete TEC*1 with Plug Pack $101.80 (Post 5.50) 
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TEC-1 BLOCK DIAGRAM 


This simplified BLOCK DIAGRAM 
shows how each of the chips are 
inter-connected. 

The Z80 Central Processing Unit is 
the overseer of the whole system and 
it selects which device it wishes to 
access via one of the 74LS138 
decoder chips. Each will select one- 
of-eight output lines. These decoder 
chips are not fully utilized in this 
project and this leaves room for 
further expansion. 

If we take the key-board as an 
example, we see it passes its 
information to the Z80 via the DATA 
BUS. 


This bus consists of 8 lines and 
carries binary information. This will 
allow any number from zero to 255 to 
be sent. 

The ADDRESS BUS is a 16 line path 
which is only a one-way street. 
Information only emerges from the 
Z80 on this bus. The Data bus is a 
two-way street of 8 lines. Infor¬ 
mation can be passed into the Z80 on 
this path as well as emerge from it. 

Each block in the diagram represents 
a chip and the only two chips missing 
are the display drivers. 


OUR BORDER 

Z80 computer terms have been 
added to the top and bottom of 
the pages, for this project. 
Some of the more common 
instructions are contained in 
this string. 

Here are the meanings of these 
terms: 

ADD Add the contents of a CPU 
register to the accumulator. 

AND This is a logical AND operation 
in which two binary numbers are 
compared. If the first digit in each 
number is a 1, the answer is a 1. If 


BIT This is an instruction to test the 
status of a bit in a register. 

CALL This is a call instruction which 
will be executed if a particular con¬ 
dition is satisfied. If the condition is 
not satisfied, then the call instruction 
is ignored and the program execution 
continues. 

DEC This is an instruction to decre¬ 
ment the value of a CPU register by 
one. 


EX This is an exchange command. 
The contents of any register can be 
exchanged with any others. 

IN Input to a CPU register from an 
input port. 

INC The increments the value of a 
CPU register by one. 

JP This is a Jump instruction. 

LD This is a load instruction. 


NDP This is the NO OPERATION 
instruction. 

OR This is a logic instruction which 
compares two numbers. If either of 
the first digits is a 1, the answer is a 1. 
The same applies to the second and 
third digits, etc. 

OUT An output instruction from a 
specified CPU register. 

POP This is an instruction to POP 
from the stack into a register pair. 

PUSH This is an instruction to PUSH 
an index register onto the stack. 

RES This is an instruction to clear the 
status of a single bit in a CPU register 
to the logic zero state. 


RL This rotates the contents of a CPU 
register to the left through the carry 


RST A restart subroutine directive 
SBC A double subtraction instruction 

SET Sets the status of a single bit in a 
CPU register to the logic ONE state. 

SLA This instruction shifts the 
contents of a memory location to the 
left 

SRL This shifts the contents of a CPU 
register to the right 

SUB This instruction subtracts the 
contents of a CPU register from the 
accumulator 

XDR This is a logic instruction which 
compares each bit of two numbers 
and gives an answer of 1 if either bit is 
one. But if both are 1, the answer is 
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LOOKING INTO THE TEC-1 

There are two chips in our computer 
which provide the major amount of 
processing. 

To make it easy to understand, we 
will call them the BOSS and 
WORKER. The boss is the 2716 
which is the specially programmed 
Read Only Memory (ROM) and 
contains all the information to get the 
computer started and keep it 
operating. 

The worker is the Z80. It is the arms 
and legs to which all instructions are 
sent and it provides the ability 
(muscles) to carry out the requests of 
the ROM. 

The Z80 can also be thought of as an 
octopus, extending out its tentacles 
to all parts of the computer to keep 
everything in very strict control. 

These two chips are the most 
important items in the computer and 
it will almost run without any other 
devices. But you would not be able to 
push any buttons or see the results of 
the operations. So we need more 
chips. 

The first of these are the display 
chips. Because each has only 8 
outputs, we need two. The display is 
multiplexed (see issue 2. P.5.) and 
this type of design uses the least 
amount of wiring and the least 
number of input leads. For a 6 digit 
display with decimal points, we 
require 8 inputs for the segment drive 
and 6 inputs for the digit drive. One 
8212 is used for each of these with 
the digits being driven via driver 
transistors. 

This leaves two spare outputs and 
one of these is used to drive the 
speaker via a buffer transistor (Q7). 

The Z80 (the microprocessor) is 
constantly feeding information into 
the display via the pair of 8212's. 
When you understand the operation 
of multiplexing a display you know it 
is constantly being scanned to create 
the figures. 

To prove this feature, turn the speed 
control down to minimum and shake 
the board. You will be able to detect 
the strobing of the display. 

The keyboard is also an interesting 
feature. It is also being constantly 
scanned by the 74c923 (the chip near 
the speaker), waiting for one of the 
keys to be pressed. 


The scanning commences at the first 
row, which is the bottom row and it 
reads from each of the columns to see 
if any of the buttons have been 
pressed. Next it progresses to the 
second bottom row and again checks 
the columns. If a button is detected, 
it sends a debounced signal to the 
Z80 and interrupts it. The Z80 drops 
whatever it is doing and accepts a 5 
bit binary number from the 74c923, 
which corresponds to the key being 
pressed. An example of a 5-bit binary 
number is 10011 and the following 
table gives the value for each key on 
the pad. 

KEY Binary No. 


0 

1 

2 

3 

4 

5 

6 


A 

B 

C 

D 


GO 

AD 


00000 

00001 

00010 

00011 

00100 

00101 

00110 

00111 

01000 

01001 

01010 

01011 

01100 

01101 

OHIO 

01111 

10000 

10001 

10010 

10011 


The 2716 ROM tells the Z80 how to 
interpret the 5-bit binary instruction 
and what to do with it. 

This means we could change the 
position of all the keys, re-program, 
the 2716 and the system will be 
operational again. In other words it is 
a SOFTWARE programmed set of 
instructions. 

The 74LS138 below the 
EXPANSION PORT selects between 
the keyboard and display. Take this 
example: Button 5 is pressed. The 
Z80 has all its attention directed to 
scanning the display via the pair of 
8212's. The 74LS138 is allowing the 
8212's to function and at the same 
time prevents an output from the 
74c923 to be passed to the Z80. 

When button 5 is pressed, the 
74c923 sends and interupt signal to 
the Z80. The Z80 stops scanning the 
display, requests the 74LS138 to 
shut down the display and open up 
the information from the 74c923 
from the keyboard. Once the key¬ 
board is read, the Z80 reverts to 
scanning the display. 


This happens so fast that you canno 
see the display flicker. The blankini 
you may see on your model is thi 
result of the time taken to beep th( 
speaker. The longer the beep, thi 
longer the displays are blanked. 

The RAM is like a black board. Il 
holds temporary information which is 
being constantly modified by the 
microprocessor. When the power is 
switched off the contents of the 6116 
is lost. 

The 2716 has a set of instruction: 
which allows the user to access the 
RAM. Without these instruction: 
you would never be able to get into it: 
memory. 

The 74LS138 near the speed contro 
selects between the ROM and th: 
RAM and also any extra memory 
added to the expansion port. 

The 4049 is simply an oscillator oi 
clock which produces clock pulse: 
for the Z80. 


Because the Z80 is a dynamic device 
its registers need to be constant!) 
cycled to retain their contents. Theri 
is a minimum clock rate for this and i 
the rate is reduced, the computer wil 
crash. 


SUMMARY OF EACH CHIP 

8212 - Display driver. One chip 
supplies 8 lines to the segments 
and the other drives the digits via a 
driver transistor. 

2716 - ROM. The central library of 
the computer. It tells the 
computer how to operate. 

74c923 - Keyboard control device 
which interfaces the keyboard 
with the Z80 chip. 

6116 - RAM. Temporary storage for 
data and instructions. Storage for 
your own programmes. 

74LS138 - Selects the display or key¬ 
board as required by the Z80 chip. 

Z80 - The core of the computer. 
Contains all the necessary logic 
for executing programmes and 
manipulating numeric data. 

4049 - Wired as an oscillator and fed 
to the Z80 to determine the 
operating speed of the system. 

74LS138 - Selects between the ROM 
and RAM as instructed by the Z80. 
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THE 
Z80 CPU 


The heart of the TEC-1 isaZSOCPU. 
This is the largest chip on the board, 
having 40 pins, and is the central item 
around which all the other chips 
operate. The 40 pins are all used to 
advantage as they are needed to send 
and receive data as well as send out 
address locations. On top of this, 8 
pins are required for controlling the 
functions of the Z80. 

If we consider the Z80 to be a worker, 
the BOSS will have to be the 2716 
EPROM. 

When the computer is first turned on, 
the Z80 has just enough intelligence 
to output an address to the EPROM 
to locate the CPU's first instruction. 
The EPROM returns this instruction 
via the DATA BUS and the two start 
communicating. The EPROM tells 
the Z80 what to do, how to do it and 
where it must be put. In less than a 
second, the start-up procedure has 
been completed and the whole 
system comse alive with the START 
ADDRESS appearing on the display. 

For the moment, the Z80 is the chip 
we wish to investigate. 

Most of its pins are ADDRESS and 
DATA lines. Eight of these are 
grouped together to become the 
DATA BUS and 16 are grouped 
together to become the ADDRESS 
BUS. 

The Z80 uses the ADDRESS BUS to 
locate the data it wants. This may be 
in the ROM (the 2716) or in the RAM 
(6116). It uses the ROM/RAM select 
chip 74LS138 in this process. Or the 
information may be from the key¬ 
board. In this case it uses the display/ 
keyboard select chip, another 
74LS138. 

The Z80 can only do one thing at a 
time and it is only because the system 
is operating at between 250kHz and 
2MHz (as determined by the speed 
control) that you think everything is 
happening at once. 


THE Z80 SERIES 

The 280 series (without an 'A' after 
the 80) was the first to be developed 
and has a maximum operating speed 
of 2.5MHz. The Z80A series operates 
at 4MHz. 

There is a whole family of Z80 chips 
and you must be careful to read the 
jetters which follow the Z80 name, to 
identify the actual function of the 
chip. 



The CTC (Counter/Timer Circuit). 
This chip features 4 programmable 8- 
bit counter/timers each of which has 
an 8-bit prescaler. Each channel will 
operate in either counter or timer 
mode. 

The DMA (Direct Memory Access). 
This controller provides dual port 
data operations. 

The SIO (Serial Input/Output). This 
controller offers two channels. It is 
capable of operating in a variety of 
programmable modes for both 
synchronous and asynchronous 
communication. 

The DART (Dual Asynchronous 
j Receiver/Transmitter). This chip 
provides low-cost asynchronous 
serial communication. It has two 
channels and a full modem control 
interface. 

The Z80 series of chips have com¬ 
pletely different operations from each 
other and the letters on the chip are 
VERY important. 

It's difficult to realize, but the Z80 is 
classified as a "dumb worker". It may 
be dumb but it is very quick. It is 
capable of carrying out instructions 
at the rate of about 10,000 to 200,000 



Z8U PIN BUTS 

The Z80 microprocessor is the 
central element of a microprocessor 
(computer) and is called CPU. This 
stands for Central Processing Unit. 

Five other chips provide support for 
the CPU in complex computer 
systems. We have not used any of 
these in our simple system but it is 
handy to know of their existence. 

They are: The PIO (Parallel Input/ 
Output). This can be wired to inter¬ 
face peripheral devices such as 
printers and extra keyboards etc. 


Z8U CPU BLBCK BIAGRAM 


operations per second, depending on 
the type of instruction. Each of these 
takes a particular number of cycles to 
execute and these features are 
contained inside the Z80 architecture 
and cannot be altered. 

Each operation for the Z80 has a 
machine code instruction such as 1E, 
06, OE, 85, E6 dd, 06, E9, 8, 81, ED 
47, 00 etc and these will be 

discussed in a later article. For the 
moment, we want the computer to 
seem a reality. 
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There are lots and lots of sections 
inside the Z80 chip and most of them 
are very difficult to explain in simple 
terms. 

One area which can be explained via 
a simple comparison is the bank of 
registers. These perform most of the 
operations in the Z80. 

They are given the names B, C. D, E, 
H and L, with an accumulator register 
A. These registers can be likened to a 
car space in a parking lot. Each 
register represents one car space. 
The car represents one WORD of 
information and this work consists of 
8 bits or one BYTE. A bit is a signal on 
a single line which can be either 
HIGH or LOW and 8 lines enter the 
Z80 in the form of a DATA BUS. 

This data bus is the same as the road 
into a parking lot and the car is one 
word. The 8 bits are 8 seats and each 
car can have up to 8 people. 
Depending on where they sit and the 
number of people, the size of the byte 
is determined. We can say that byte 
and word are the same for our system 
as the Z80 is an 8-bit microprocessor. 
If it were a 16-bit microprocessor, a 
word would be 16 bits. 

Normally the car parks in space A 
(register A) and this is also.called the 
accumulator register as the answer 
for any addition instruction, for 
instance, will appear in register A. 

The car can represent a number from 
00 to 255 and the register will accept 
any of these numbers. This is all the 
register will hold. . .just one number 
from zero to 255. 

There is one important fact that we 
have omitted to mention. Before the 
byte can be put into register A we 
must send an instruction to the Z80 
so that it will know where the number 
is to be put. 

This instruction happens to be 3E for 
register A. If you wanted to load 
register B, the operation code would 
be 06 and to load register C it would 
be OE. These codes are called 
"MACHINE CODES" or MACHINE 
CODE LANGUAGE and they are 
interpreted by the Z80 to perform one 
of over 245 different shuffling or 
arithmetic operations. 

If you want to add a number to the 
number above, it will have to be firstly 
loaded into register B, then the two 
registers can be added. This will take 
a number of operations with the 
result always appearing in register A. 


You can transfer the contents of 
register A to the RAM (6116) via a 
further instruction so that the result 
is not lost when the next number is 
sent to register A. Otherwise the 
previous contents of register A are 
written over. 

The Z80 contains an equivalent bank 
of emergency registers which can be 


accessed via a special instruction. 
These are called A'(A-prime) B', C', 
D', E', F', H', and L'. It also contains a 
number of 16-bit registers (like a 
space for car and trailer) and 
numerous building blocks which are 
needed to keep the Z80 operating. 
These can be likened to the workers 
needed to keep a parking lot neat and 
with a smooth flow of traffic. 
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CONSTRUCTING THE 


TEC-1 


Constructing the TEC-1 is no more 
complex than building any of the 
cover-projects in Talking Electronics 
. . it only takes longer. 

The most important aspect of this 
project is NEATNESS. We have gone 
to a lot of trouble to create a printed 
circuit board that looks really neat, 
with a layout that is very pleasing. 
Don't upset the aesthetics of the 
board with poor-quality layout or 
incorrect components. If you intend 
to buy the components individually at 
your local electronics store, look at 
the photos in this article for the type 
of components we have used, and 
purchase the same styles. 

Don't use anything old or dirty and 
make sure the tinned copper wire for 
the jumpers is CLEAN, thick and 
absolutely straight. We will tell you 
how to do this in the notes. 


Like all our projects, it is designed to 
be viewed. This keeps you alert to the 
construction, contents and arrange¬ 
ment of the chips and components. 
You must constantly remind yourself 
of the name of each chip and its 
function. It's an indoctrination 
process which can only be of benefit 
in the long term. 

Before commencing construction we 
suggest you get everything organised 
on the workbench. 

We can't stress strongly enough, the 
need for a good soldering iron. 

We have a range of soldering irons in 
our assembly area including: a 
lOwatt, 12v pencil iron, a ISwatt 
240v Micron, a BOwatt Constant 
Temperature Scope iron and a Weller 
Soldering Station. We also have a 
plummer's soldering iron and two 
instant-heat solderings as well as a 
miniature instant-heat iron. Which 
one would you choose? 

If you chose an instant-heat iron, we 
don't want to know you. They will lift 
the lands off the board and create 
more problems than you can imagine. 
Also construction time will be con¬ 
siderably longer as you have to wait 
for them to heat up for every con¬ 
nection. Our choice is the lOwatt 
12v type. It it light-weight, and 
enables you to produce a speedy 
connection. This is important when 
constructing a large project like this. 


Other important tools and aids are: 
fine solder, sharp side cutters, and a 
pair of long-nosed pliers. You will 
also need a soldering-iron stand and a 
solder tray to accept the dead solder 
left on the iron after making each joint. 

Get everything ready on a clean part 
of the workbench and have all the 
components available for insertion. 

The first part of construction is the 
most laborious. It is the fitting of the 
55 links. You must take great care 
when fitting these links as they must 
be absolutely straight, with their 
ends bent to a sharp 90°. The whole 
link must touch the board. 

Start at one end of the board. Cut a 
length of copper wire about 10cm 
long, which will be sufficient for 
about 5 links. With a pair of pliers at 
each end of the length of wire, pull 
the two pliers apart until the bends 
and kinks are removed and the wire is 
perfectly straight. Now you can use 
the wire. Bend one end with the 
pliers and insert it into one hole in the 
board. Solder this end and snip the 
excess wire from the joint. 

Feed the other end down an 
appropriate hole and pull it through 
with the pliers until the link becomes 
straight. Keep this part pressed 
against the board while soldering it. 
Cut the surplus from the connnection 
and inspect the first addition to the 
board. Continue with each link as you 
come to it and take your time. It will 
take the best part of an hour and no 
link should be loose enough to touch 
any other, even if it is pushed slightly. 

The next components to add to the 
board are the resistors. There are 15 
of these and they should also touch 
the board. Check the value of each 
resistor before inserting it. They are 
hard to remove if you make a mistake. 

Next are the 1C sockets. The reason 
for inserting them at this stage will be 
quite obvious. As each socket is 
inserted, it becomes the highest 
component on the board and this 
means the board can be turned over 
and the socket will rest on the 
workbench while the pins are being 
soldered. 

You almost cannot make a mistake 
with these sockets as the number of 
pins corresponds to the holes in the 
board. The only point to remember is 


the identification notch at one end of 
the socket. These should cover the 
dot so that when the chips 
inserted, the notch on the chip aligns 
with the dot on the board. 

Next add the 6 FND 500 displays. 
Once again the board can be turned 
over and rested on the display to keep 
it pressed against the display while 
the pins are being soldered. 

The next order of insertion is not 
critical and would consist of inserting 
the power diodes, 2 LEDs, 7 lOOn 


PARTS LIST 


1 - 
1 - 

100R 

330R 

8 - 

Ik 

1 - 

2k2 

5 - 

10k 

1 - 

20k cermet 

1 - 

lOOpf 

7 - 
1 - 
1 - 

lOOn lOOv 

1 mf 16v 

2200mfd 25v 

4 - 

IN 4002 diodes 

7 - 

BC 547 transistors 

1 - 
1 - 

5mm red LED 

5mm green LED 

6 - 
1 - 

FND 500 or 560 displays 
7805 regulator 

2 - 
1 - 
1 - 
1 - 

8212 

2716 TEC-1 Monitor 

6116 

74c923 

2 - 
1 - 
1 - 

74LS138 

Z80 CPU 

4049 NOT Fairchild) 

3 - 
1 - 

16 pin 1C sockets 

20 pin 1C socket 

4 - 
1 - 

24 pin 1C sockets 

40 pin 1C socket 

21 

- PC mount push switches 

1 - 
1 - 

8R speaker 
heat fin for 7805 

4 - 

rubber feet 

5 - 

nuts and bolts 

60cm tinned copper wire 

3m fine solder 

10cm desolder wick 

Substitutes: 

2200nifil electrolytic can be replaced 
by lOOOmfd in the TEC-1. 

Rubber feet can be stick on feet. 
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HOW THE CIRCUIT WORKS 


The TEC-1 circuit looks very simple 
and, in fact, it is very simple. 

This is because many of the chips in a 
computer circuit are connected to a 
parallel wiring system called a BUS. 
There are 2 main buses in a computer 
and they are called ADDRESS and 
DATA. 

Normally the ADDRESS bus is 16 
lines wide but our computer is only a 
baby design. We have used 11 lines in 
the address bus with line 12, 13 and 
14 going to a decoder chip to select 
between display, keyboard, memory 
and expansion. 


The data bus is like a highway with 
data passing to and from the Z80 and 
the other chips. The data line will 
carry a binary number between 
00000000 and 11111111, which is 0 
- 255. 

The 8212's are latches which drive 
the displays. One controls the 
segments a to g and the decimal 
points while the other drives the 
digits via a set of buffer transistors. 

Data and program are stored in the 
memory whch comprises the 2716 
EPROM and 6116 RAM. 

The Z80 addresses a particular 
location in the memory by sending a 
binary number down the address bus. 


It determines the condition of 
SENDING or RECEIVING by the 
state of the R/W line (pin 22). When 
this line is LOW, the Z80 is sending 
data to the RAM and when HIGH, it is 
receiving data from the memory. 

Data is sent or received via the date 
bus and only one data transfer car 
occur at a time. 

When the reset button is pressed, tht 
computer sets the condition for initia 
data entry. These include enterinc 
(or loading) the address pointer tc 
0800, setting the dots on the dat< 
displays, setting the stack to th( 
highest point in the 6116 RAM ant 
calling a routine to produce the two 
tone 'ready' beep. 

The Z80 then goes into a scan routini 
to display 0800. This information i! 




iHir 


using a 2155 transformer to power the TEC-1, u 
7.5v tapping. This will produce about 9.5v DC into the 
regulator which is ideal to gain full voltage and current 
from the power supply without overheating the regulator. 


The TEC-1 will accommodate a DC Plug Pack. Use a 9v 
type capable of delivering 500mA. 


POWER SUPPLY 


The five lOOn capacitors on the output line are spike 
suppression capacitors. They are placed near each of the 
chips to prevent noise from one chip upsetting the funtion 
of the computer. We suggest low-impedance mono¬ 
block types for this application. 
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taken from the highest bytes in the 
RAM, which have been deposited in 
the set-up routine. 

The Z80 will continue to scan the 
displays until it is interrupted by the 
74c923, via the inverter of the 4049 
chip. This is a Non Maskable 
Interrupt line. The Z80 immediately 
branches to a routine at 0066 h which 
inputsthe binary code of the key 
being pressed and stores it in a 
register in the Z80. 

It firstly checks if the key is a function 
key or a numeric key 0 - F. It does this 
by checking bit '4' of the 5-bit binary 
number. Bit 4 is the 1 in: 10000. The 
first bit is called bit 'zero'. 

If the display is in the address mode, 
the function key will simply put it into 
the data mode. This is indicated by 
the dots moving to the data displays. 

If the computer is in the data mode, a 
function key will perform the function 
intended. A + will increment the 
address pointer , a — will decrease 
the address pointer AD will set is to 
the address mode and GO will 
execute the program starting at the 
address shown in the display. 


If a numeric key is pressed, the data 
displays are cleared and the digit is 
shiftedin from the right. A second key 
will produce a 2-digit number. 

When the -F key is pressed when the 
displays are in the data mode, the 
address will increment. 

While this seems a simple operation, 
an enormous amount of data is 
flowing from the Z80/ROM/RAM 
combination. The address pointer, 
which is temporarily stored in RAM, 
is loaded into the Z80 HL register 
(two 8-bit registers connected to 
become a 16 bit register). This 
register increments by instruction 23 
(inc HL) and HL is then stored back 
into the same location in RAM. 

The display is then changed to reflect 
its new address and contents of RAM 
(in data displays). The Z80 then 
reverts to its scan routine waiting for 
another key to be pressed. All this 
happens in a few milliseconds! 

The 74LS138's are simple DEVICE 
SELECTING chips. The have 3 binary 
input lines and this enables them to 
select any one of 8 devices. These 
can be ROM, RAM, keyboard. 


display, speaker, or external chips, 
even additional memory or video 
displays. 

The speaker is simply an amplified 
version of a 'BIT. A BIT is a HIGH or 
LOW state and constant rapid 
changing from HIGH to LOW will 
produce a tone. 

The quality of the sound can be 
altered by the ratio of the HIG H to the 
LOW. White noise is a result of 
random bit production. Correct 
programming enables the production 
of music and sound effects. 

The power supply is a simple 7805 
voltage regulator arrangement. 
Provided the input voltage is only 
about 3v above the output voltage, 
the regulator will not need a large 
heat-fin. The 2200mfd electrolytic 
can be replaced with a lOOOmfd 
electrolytic as the computer 
consumes only about 500mA. 

The speed of the TEC-1 is controlled 
by the 4049 clock oscillator. This is 
only a simple 2-inverter oscillator 
which can be adjusted via a speed 
control to vary the speed of the 
information passing the displays. A 
crystal controlled clock can be added 
at a later stage. 
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The underside Of the TEC-1 showing 
the layout of the copper tracks. 


The keyboard switches are 
individually inserted and soldered as 
shown on the overlay. The flat on the 
switch runs across the bottom of the 
switch so that the jumper link inside 
the switch completes the wiring of 
the matrix. 

Attach the speaker to the board via a 
piece of double-sided sticky tape and 
connect the voice coil to the circuit 
via short lengths of tinned copper 
wire. 

Four rubber feet are attached to the 
board with nuts and bolts to prevent 
the underside of the board from 
scuffing the workbench. 

The final, and most important items 
to add, are the IC's. These are pushed 
into the sockets so that pin 1 on each 
chip is facing towards the display. 
The 74c923 faces towards the left 
and you double check each chip 
before AND after it is inserted. If the 
rows of pins are too wide, they can be 
pressed closer by pressing the edge 
of the chip on the PC board and then 
the pins will be easier to insert into 
the socket. 

Connect an AC supply to the board 
and the TEC-1 is ready for operation. 

You can use either a 2155 trans¬ 
former or a 9v plug pack capable of 
delivering 500mA. In either case the 
incoming voltage should not be more 
than 8v to 9v to prevent the regulator 
getting too hot. 


An enlargement of the Key-board section showing the soldering 


and control devices for up to 8 
different items at the same time. 

We will also welcome any pro¬ 
grammes you write for the computer 
and it doesn't matter what subject 
they are witten about. 

The tape interface to be added in the 
next article will allow you to save 
programmes and re-use them later. 


If you are having trouble getting th 
TEC-1 to operate, see the article o 
P.70. It will solve most of the simpi 
construction faults. 

We all wish you the best with you 
new acquisition. 

Don't under-estimate the capabilitie 
of the TEC-1. It is a very powerfi 
machine. 


capacitors. 7 transistors, 1- lOOpf 
capacitor, 20k cermet pot and 1 - 
Imfd electrolytic. 

Attach the flag heat-sink to the 7805 
and insert the regulator into the holes 
nearest the 2200mfd electrolytic. 
The other 7805 powers the 
expansion board and will be covered 
at a later stage. Insert the 2200mfd 
electrolytic and solder the leads. 


Switch on the power and note the 
display lights up with 0800. This is 
the first available address and 
indicates the computer is ready for 
action. 

If you are well-versed in Machine 
Code language, you can begin 
immediately with preparing your own 
programmes. You will find the TEC-1 
is very versatile in its applications 
and will allow a wide variety of 
expansions to be accommodated. 


If you are new to programming, y( 
will appreciate the introductic 
presented on P. 71. It starts at tl 
beginning and shows you howto ki 
a short program and activate 
readout in the form of a visual disph 
as well as a musical score. 

Three games on P. 74 will intrigi 
everyone. The level of skill can I 
adjusted by turning the spe( 
control. This increases the rate 
operation of the whole computer. 


Treat the computer as a basis for 
experimenting and learning. Later we 
will provide add-ons for a crystal 
for games. 


The are also other programmes in tl 
EPROM and these will be discussi 
in the next article. 
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IFTHETEC'l 
DOESN’T WORK: 


If you are faced with the situation where 
the TEC-1 fails to operate properly, or if it 
doesn't work at all. . . don't worry. This 
will be a blessing in disguise. 

You learn a lot more about electronics 
and computers by fixing the TEC-1, than 
just building and running it. 

As requested in the introduction to this 
project, you should already have a certain 
amount of background in building 
projects. This is when all these skills will 
come together. 

The first point to remember with the TEC- 
1 is this: The TEC-1 SHOULD operate 
perfectly the first time it is turned on. 
This is because it is built with NEW 
components which are first-quality items 
and the PC board has been thoroughly 
checked. If you are unfortunate enogh to 
produce a dud, you must firstly realise 
that there is a 99% possibility that the 
fault is in the construction. 

You should go over the entire project 
again, checking every component, con¬ 
nection and the value of each part. The 
best way to do this is to ask someone 
ELSE to do the checking. This is because 
you cannot check your own work. Most 
of the projects that come to us for repair 
are simple faults, overlooked by the con¬ 
structor. Faults like Ik instead of 1M, 
22k instead of 3k3 etc. This type of fault 
can very easily creep in. This is because 
humans think positively. Most con¬ 
structors are CERTAIN all the values are 
correct! How could they make a simple 
mistake like THAT? 

After passing the TEC-1 over to a 
government checker (anyone impartial) 
you can begin the TEST procedure. This 
will need test equipment. 

This is where the LOGIC PROBE will 
come in handy. That's why we presented 
it in this issue. You will find it invaluable, 
as most of the lines on a computer are 
PULSE lines and these are constantly 
changing acceding to the clock rate or as 
requested by the Z80. 

The first test is a RESISTANCE TEST. 

To carry this out successfully, you should 
remove all the chips. This is to prevent 
any false readings. 

We will be looking for solder bridges 
between one or more of the pins. These 
can be very difficult to see as they are 
sometimes as fine as a human hair or 
even merely a microscopic splash of 

That's why you must never tap the 
soldering iron on or near the board, as 
excess solder will fly off the tip and land 


on some unknown part of the board. This 
will cause a bridge which will take hours 
to locate. You must only tap the iron in a 
solder tray and this must be done after 
every joint to prevent dropping solder and 
creating a problem, like now. 

Set the multimeter to LOW OHMS 
RANGE. Make sure you adjust the ohms 
control so that the needle travels to the 
far right hand end of the scale to indicate 
very LOW resistances. 

When all the chips are removed, most of 
the wiring on the underside of the board 
consists of individual conductors and this 
means almost no adjoining pins are 
connected. This makes it ideal for testing 
via a resistance measurement. 

The first place to check is the RAM/ROM 
section where each of the pins has a 
conductor running between them. Turn 
the board over and measure the 
resistance between each solder con¬ 
nection. The multimeter needle should 
not move at all. If all the readings are 
HIGH, progress to the Z80, and then each 
of the other chips. If the pointer deflects 
at any stage, trace through the wiring to 
see if a resistor or push button is in the 
path. You will also get some low readings 
when testing near the display. So don't 
treat these as faults. 


Another very important check you can 
make is the continuity of all the printed 
wiring on the underside of the board. 
Sometimes one of these tracks can 
become eaten away in the etching 
process, resulting in a break. 

Place one of the probes on one end of a 
conductor and visually trace it through to 
the end. Place the other probe at this 
point and prove that it is conducting. You 
can also make sure the jumpers are 
connecting by checking the ends of each 


If all these checks fail to locate any 
problem, you will have to carry out tests 
with the computer operating. This will 
mean replacing the chips and connecting 
the power. 

Start by placing the probe on pin 6 of the 
Z80. This is the clock input pin and 
without any signal here, the whole 
computer will not operate. The three 
LEDs on our LOGIC PROBE will illumin¬ 
ate and you will hear a frequency from the 
mini speaker in the probe. As you adjust 
the speed control, the sound will change 
pitch. If the 3 LEDs don't flash, change 
the 4049. Some chips are very critical in 
this circuit and others don't work at all. If 
a chip fails to oscillate, you can reduce 
the 10k to 2k2 and this will give you a 
broader range. Some chips may tend to 
drop out at the low end. You should buy a 
CD 4049 as soon as possible. 


Once you have a clock pulse entering 
Z80, you can check some of the ot 
sections of the computer. 

The computer can be placed in a Wi 
situation by tying pin 24 to earth. This 
is connected to the 10k which is 
closest to the reset switch. It has 
empty hole to which you can solder a t 
wire and use a jumper lead to create 
wait situation. Press RESET and pr( 
pin 15. If it is LOW, everything is OK. 
is not LOW, you may have a dry joim 
short-circuit on pins 1 -6ofthe74LS1 
While the computer is in the W, 
condition, test the operation of the k 
board by probing pin 15 of the 4049.1 
is the output of the 74C923 key-bo 
encoder, after it has passed through 
inverter to the non-maskable interrup 
the Z80. 


This output line is normally HIGH i 
goes LOW when a key is pressed, 
only other pin of the 74C923 which < 
be checked in a simple manner is pin ' 
is normally LOW and goes HIGH for 
duration a key is pressed. 

The 74C138 select chip below 
expansion port selects between the k 
board and the two 8212 driver ch 
When in the wait mode, pins 13, 14 i 
15 are HIGH. Under running conditio 
pin 15 pulses LOW when a key is press 

The two display driver chips, (8212) 
difficult to test under static condition: 
the display is multiplexed. 

When in the wait mode, one of 
displays may illuminate and you will 
able to detect the HIGH's entering 
8212's. 

The advantage of the sockets becor 
apparent when you have to remove 
change any of the chips. 

If the computer still fails to oper 
correctly, try replacing the set of chif 
This will only be feasible if you kn 
someone with a TEC-1. Within your o 
board you can exchange the two 821 
and 74LS138's. Don't forget, the 27 
must be programmed. A blank one v 
not get the computer started. 

Make sure no pins are bent under 1 
sockets or broken off at the chip. Be si 
the chips are around the correct way a 
most of all, make sure the chips are in 1 
correct positions. 

If all this fails, write to us. We hav 
repair service available. If sending 
project by post, pack the board betwi 
two thick pieces of foam or stiff ca 
board. Use a large jiffy bag and marl 
fragile. Certify the parcel in case anyth 
is damaged. This way it will get to ui 
one piece. We will have a look at y 
project and let you know what it will c 
to fix. Usually it doesn't cost much t 
this will take a load of your mind. 

I hope it never gets to this stage, bul 
least you know the service is availab 


USE THE LOGIC PROBE 
AS DESCRIBED IN THE 
FIRST PROJECT, TO 
TEST THE TEC-1. 
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EXPERIMENTS 
FOR THE TEC'l 


The computer should now be fully 
assembled and ready to go. All you 
have to do is learn how to operate it. 

The following set of experiments will 
give you the experience necessary to 
recall some of its routines and 
produce a simple sequence of your 
own. 

To introduce you to the TEC-1 we 
have programmed a welcome 
message into the EPROM. This can 
be located at 02D1. 

To call up this program, press the 
following sequence of keys: 

RESET. D, 1, -E 0, 2, ADdress, 0, 2, 7, 
0. GO. GO. 

Adjust the speed control and see 
what John has written. If that's not a 
clever way of personalizing a piece of 
equipment!! 


Decimal: Hex: Binary: 


0 

0 

0000 

1 

1 

0001 

2 

2 

0010 

3 

3 

0011 

4 

4 

0100 

S 

5 

0101 

b 

6 

0110 

7 

7 

0111 

8 

8 

1000 

9 

9 

1001 

10 

A 

1010 

11 

B 

1011 

12 

C 

1100 

13 

D 

1101 

14 

E 

1110 

IS 

F 

1111 


A comparison between decimal numbers 
(based on the power 10) hexadecimal 
numbers (based on the power 16) and 
binary numbers (based on the power 2). 
The data for TEC-1 is entered in hex on the 
key-board. Examples of hex are: 3F, 4C, 
RR FF na nn 


Problem 2: A program starts at OAOO. 
Complete the following set of 

addresses: 

OAOO ★ ★ ★ ★ ★ 0A06 

★ ★ ★ ★ OAOB ★ ★ ★ 

★ ★ ★ 0A12. 

To locate address OAOO: Press 
RESET, press AD (the dots will 
appear on the address displays 
indicating the address can be 

changed). 

Press 0, A, 0, 0. Press -I-. This 
becomes the first address location. 
Press -P-f-I--I--I- etc to increment the 
display. 

Problem 3: A program of 50 addresses 
finishes at 091E. What are the 
previous 35 addresses? 

091E ★ 091C ★ ★ ★ ★ 

★ ★ etc to 08Fb. 

Problem 4: (a) Add 4 address locations 
to 0209. 

(b) Add 8 address locations to 
1FFF. 

(c) Add 4 address locations to 
OBFD. 

(d) Decrement the address 7 
locations from 0800. 


II you don’t know what to do, 
don’t worry. Follow through 
these experiments and come 
back to the WELCOME mesage 
later. 


Now to the learning section: 


Experiment 1. 

A1M:To examine the increment of 
the address. 

Apparatus:TEC-l. 

Procedure: Turn the TEC-1 on and 
look at the address display. The 
address is the first four digits. When 
the TEC-1 is turned on, the first 
available address is 0800. This can 
be incremented by pressing the '+' 
key and the address will increase to 
the next available location. Carry out 
this procedure by pressing thekey 
and watch the display: 01,02,03,04, 
05, 06, 07, 08, 09. The next location 
is OA and this is where the computer 
departs from the reading you would 
expect. The TEC-1 is programmed in 
Hexadecimal in which 4 binary lines 
are grouped together to form a hex 
number. In this way we can write 
binary numbers from 0000 to 1111 
and this means we can go higher than 
9 as nine is only 1001 in binary. The 
next hex number is A, then B, C, D, E, 
and finally F. The following table 
shows the binary equivalent for 0 - F. 


wD, ■ C, t/W) UU, 

Tbe max hex for 2 digits is FF and this 
corresponds to 255. 


Press the -F and watch the display 
increment. 

Press the - key and watch the 
display decrement. 

Experiment 2 
STUDYING HEX 

Aim:To study hex notation and 
count in Hex. 

Equipment: TEC-1. 

Theory: Each byte of data for a 
program must be given an address. 
The computer automatically ad¬ 
vances one address location on 
pressing the -I- key. However we 
must be able to read and write hex 
values to be able to prepare a 
program. 

Procedure: Study the Hex notation 
in expt 1. and answer the following 
set of problems: 

Use the TEC-1 to verify your 
answers. 

Problem 1: A program starts at 0800. 
What are the next 21 addresses? 

0801 ★ ★ 0804 ★ ★ ★ 

0808 ★ 080A ★ ★ ★ ★ 

★ ★ 0811 ★ ★ ★ 0815. 
To verify your answer, press RESET 
then keep pressing -F -I- -F -F -F etc. 
Don't worry about the values in the 
data displays. 


Work out all the above answers on 
paper before checking with the TEC-1 

ANS:4(a)020D, (b)2007 (c)0CO1 (d)07F9 

Experiment 3: 

CREATING A BEEP 

AIM:To create a tone or beep on the 
TEC-1. 

Theory: The 2716 has been pre¬ 
programmed with a loop.to give a 
pulse to the speaker. Depending on 
the speed of the system, the tone of 
the pulse will be varied. 

Procedure: We can address the 
beginning of this routine by pressing 
the following keys: 

RESET. ADdress. 0. 1. 8, E, GO. GO. 

You will hear two beeps, and by 
turning the speed control down, they 
will become separated. The first beep 
is the one you have programmed. In 
the next experiment you will will 
change the frequency of the beep. 

Notes: 

When the TEC-1 is reset, the decimal 
points appear in the DATA readouts. 
This indicates the data can be 
changed by pressing the keys 0 - F. 

By pressing the ADdress key, the 
dots will appear in the ADDRESS 
readouts. This can now be changes 
by pressing the keys 0 - F. 
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Experiment 4: 

Creating a Tone or Note. 
AIM: To create a tone. 


Theory: It is possible to produce a 
tone from the speaker which is the 
result of a routine in the EPROM. 


Procedure: To create a single note 
or tone, press the following: 


AIM: To create a single note with a 
period of silence. 


The instruction for silence is 00. 


Run the following program: 


To create a scale: 

Program this sequence: 


AIM: To produce a repeat function. 


The note, notes or sequence can be 
repeated by adding the instruction 1 E 
to the end of the list. 


Try this routine: 


RESET, 2+8 + \ ADdress. 1. B. 0, 
GO. GO. 


Only the first note to be heard in the 
speaker is the product of our pro¬ 
gramming. The other beep or beeps 
come from other routines. 


Experiment S: 

To Create A Tune. 


The number 1 in the routine above 
selects the particular note. It can 
have one of 24 different values and 
thus we can create different effects 
as shown in a later experiment. 


SOUNDS AND TUNES 


2 + 8 + 0.3 + 00 + 00 + 00 + 00 + 0.3 
+ 00 + 00 ADdress 1. B. 0. GO, GO. 


You will notice that pressing 00 is the 
same as pressing 0. The DATA entry 
is self-adjusting. Thus 03 is the same 
as 3 on the data display. 

Turn the TEC-1 off between experi¬ 
ments so that the 6116 RAM has its 
contents destroyed. Otherwise some 
of the previous programs will come 
through the speaker. 


RESET, E, F, GO, 


2+8+1+2+3+4+5+6+7+8 
+ 9+A+B + C + D + E + F+10 + 
11 + 12+13+14+15+16+17 + 
18 + 0 + 0 + 0 + 0 Address 1. B. 0. 
GO. GO. 


You can experiment with adjusting 
the 20k cermet for each of these 
tunes, to get different effects. 


In order to access some of the other 
tunes, you will need to follow this key 
sequence: 


RESET3 0 + 5address 1 BOGO. GO. 


The speaker will produce the scale, 
then silence. 

To hear the sequence again: Press 
RESET, ADdress, 1, B, 0, GO, GO. 


sweri 

Creating a Running Letter 
AIM: To produce a running A. 


The letter A is being shifted one plac 
to the left by the routine at 0270. 


2+8+1+2+3+4+5+6+5+4 
+ 3+2+1 + 1.EAddress 1, B. 0. Go, 


To produce a repeat function with a 
pause or silence, try this routine: 


The letter can be made to travel th 
full length of the display by addin* 
further zeros to the program. 


Press this sequence of keys: 


2+8+1+2+3+4+5+0+0+0 
+ 0 + 5 + 4+3 + 2+1 + 1.E Address 
1. B. 0, GO. GO. 


To produce a running sentence: 

Press this sequence of keys: 


By using the note table on P.73, any 
tune or melody can be produced. Try 
this sequence, then write your own 
tune. 

2 + 8 + 0A+08 + 06 + 08 + 0A+0F 
+ 0A+0D + 0F + 06 + 06 + 0A+0D 
+ 06 + 0D + 0A+0D+ 12+ 16+14 
+ 12 + Of+ 11 + 12 + OF + OD + OD 
+ 0D + 0A + 12 + 0F + 0D + 0A+08 
+ 06 + 08 + 0A+06 + 06 + 00+ I.E. 
Address 1. B. 0. GO. GO. 


RESET2 + 8 + 07 + 0E + 0E + 04 + ^ 
+ 9 + 04 + 05 + 01+ 1A+ 0 + 0 + 
+ 0 + 0+ I.E address 2. 7. 0. GO, GC 


Experiment 7: 

Combining Words 
With A Tune 


AIM: To combine a tune and runnini 
words in one sequence. 


Question: How do you recall this 
sequence? 


Procedure: The programme we wil 
be writing in this experiment consist 
of a set of instructions and included ii 
this are two CALL statements (cal 
1B0 and call 270) followed by ; 
PITCH table and a LETTER table. 


The TEC-1 has a number of musical 
routines programmed into the 2716 
EPROM. 


These are accessible via the key¬ 
board. The first of these is an Irish 
Jig. This is called by the sequence: 


The result of your programming wi 
be a short tune followed by thre* 
letters running across the screen am 
this will be repeated. 


We will firstly describe the progran 
for experiment 7 in WORDS. Refer t< 
the program below to see what w( 
are talking about. 


With all tunes the pitch of the notes is 
dependent upon the speed of the 
computer. This is determined by the 
speed control. 


The program starts at 0800 and in th« 
first two bytes (800 will accept a byt* 
of data and 801 will accept a byte o 
data) we will store the address of th« 
pitch table (which starts at 0900) 
Later the computer will store tht 
letter table and this will be repeater 
over and over again as the prograrr 
contains a jump or repeat instruction 


First of all we will discuss each 
instruction at each address so that 
you will be able to understand the 
program you will be keying into the 
TEC-1. 


At address 802 the instruction 3E 
tells the accumulator to load the 
immediate byte, which is 00. 

This takes up address 802 and 803. 


Procedure: Press the following 
sequence of keys: 


At address 804 the instruction 32 
tells the computer to load the 
contents of the accumulator into the 
address given by the following two 
bytes. The lowest byte is always 
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presented first then the highest- 
order byte. Thus 00 is loaded first 
then 08. 

The next available address is 807. 

The instruction 3E tells the 
accumulator to load with the 
immediate byte which is 09. 

At address 809 the instruction 32 
tells the computer to load the 
contents of the accumulator into the 
address given by the following two 
bytes. 

Address 80C. This is a CALL 
instruction which calls the routine 
located at 180. This is the address of 
the music programme. 


PITCH TABLE: 

0900: 


01 

00 

01 

00 

02 

03 

04 

05 

04 

05 

IF- means to return to 
line LD A, OA. 

LETTER TABLE: 


At 80F the instruction is to load the 
accumulator with the contents of the 
immediate byte which contains OA. 
This OA is the most significant byte of 
the address for the letter table. As 
800 already contains the byte 00 (the 
least significant byte of the address 
for the letter table) we do not have to 
load it again. 

At address 811 the instruction is to 
load the address 801 with the 
contents of the accumulator (800 is 
already loaded correctly). 

At address 814, the instruction is to 
call the letter printing routine located 
at 270. This routine contains an 
instruction to look at location 800 
and 801 and see where the look-up 
table is located. In our case it is at 
OAOO. 

The final address 817 is an 
instruction to JUMP to address 802. 
This is used as a repeat function. 

THE PROGRAM: 


Push -F -F fo get 802. 


BOX LD i^OO 
t04 LD noo),/ 
B07 LD XOO 

81 

•OF LD i^OA 
til LD ctoi),; 
tl4 CALL X70 
•17 JP BOX 


3 E 00 
3X 00 OB 
3e 09 . 

3X 01 OB 
CD BO 01 
3E OA 
3X 01 OB 
CD 70 OX 
C3 OX OB 


The first column is the address of 
the memory location in RAM. 

The centre column is the assembly 
language in mnemonics. 

Tho third column is the Machine 
Code listing. 


’ABD-AND-BIT-CALL-DEC-EX-IN-INC-JP- 


OAOO: 

01 

02 

03 

00 

00 

00 

00 

00 

00 

IF- means to return to 
lineJP 802. 


To run the program: Press: Reset, -F, 
+ ,GO, GO. 

This is how the sequence should be 
keyed: 

Press RESET to get the first location. 
Press: 00-F 09-F 3£-F 00-F 32-F 00 + 
OS -F 3f -F 09 -F 32 -F 0/ -F OS + CO -F 
SO -F 0/ -F 3f -F OA -F 32 -F Of + OS -F 
CO -F 70 -F 02 + C3 -F 02 -F OS 
ADdress0900 + 01 -FOO + Of -FOO-F 
02 -F 03 -F 04 -F 05 -F 04 -F 05 -F /£ 
ADdress OAOO 01 + 02 03 00 

-F 00 -F 00 -F 00 -F 00 -F 00 -F /F 
RESET -F -F GO. 

You now have enough information to 
be able to produce your own 
sequence. Try a longer note 
sequence and a longer sentence. You 
have the availability of including 255 
in each table. 

The next issue of TE will show howto 
write a program to display ONE 
segment of any particular digit, then 
two segments, so that you can create 
your own characters. 

This is the beginning to writing 
programmes for video games and you 
will be shown how to prepare the 
internal structure of a simple moving 
target game. 

We will also introduce some 
expansion and interface projects. So, 
be prepared. 

LO-NEG-NOP-OR-OUT- POP-PUSH-RES- 


Use the following table to create your 
own tunes. 


NOTE TABLE 


G 

01 

G# 

02 

A 

03 

A# 

04 

B 

05 

C 

06 

C# 

07 

D 

08 

D# 

09 

E 

OA 

F 

OB 

F# 

OC 

G 

OD 

G# 

OE 

A 

OF 

A# 

10 

B 

11 

C 

12 

C# 

13 

D 

14 

D# 

15 

E 

16 

F 

17 

F# 

18 

Repeat IE 

Return 1 F 


Use this table to create your own 
words: 


LETTER TABLE 



00 

A 

01 

B 

02 

C 

03 

D 

04 

E 

05 

F 

06 

G 

07 

H 

08 

1 

09 

J 

OA 

K 

OB 

L 

OC 

M 


N 

OD 

0 

OE 

P 

OF 

Q 

10 

R 

11 

S 

12 

T 

13 

U 

14 

V 

15 

w 


X 


Y 

16 

z 

17 

— 

18 


19 

i 

1A 

Repeat 1E 

Return 1F 
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Key sequence: AD, 3, E, 0, GO,GO. 

When the game ends, press any key to restart. 


NIM 


You are playing against the computer in a battle of wits. The computer 
has an obvious advantage. 


There are 23 matches and you take turns in removing 1,2, or 3 matches. 
The object of the game is to make the computer take the last match. 


At each turn you can only take 1,2, or 3. The computer lets you go first. 
The number of matches is displayed on the last two digits of the display. 
When you press a button, say 3, this will be displayed as Y 3. This 
indicates you took 3 matches. Then it will display I 3. This will mean the 
computer took 3 matches. 


It is now waiting for your next move. Be careful, the computer is smart. 
It is waiting for you to make your first mistake. It will then take 
immediate advantage of it. 



LUNA LANDER 

Key sequence: AD, 4, 9, 0, GO, GO. 


If you are playing a purely random game, you will find yourself holding 
the last match every time. The computer will let you know too! Read the 
message it displays! 

The computer is a pretty bad loser but be thankful it doesn't self- 
destruct in disgust! 


Set speed control to your level of skill (strength of gravity). 1 
the game ends, press any key to restart. 

You are in a luna module, orbiting some 50 kilometres above the 
surface. You have 20 litres of astro fuel left and you have to lane 
spacecraft without denting either the moon or the craft. 


Your height is indicated by the first two digits and this starts i 
Watch yourself descend without blasting your retros and as you fa! 
will descend faster and faster - until you HIT! 


Press any key to restart (except reset). To blast for a short time, [ 
+. This may slow you a bit and to slow yourself down more, pre: 
several times. If you over-do this command, you will slow down t( 
velocity and even start going UP! Never move upwards as this is a v 
of fuel. 


Every time you blast, your fuel goes down by ONE LITRE. Onceyoi 
runs out, you can't fire any more and you start falling towards thi 
surface. 



Set speed control to your level of skill. When the game 
ends, press any key to restart. 


The object of INVADERS is very simple. You shoot anything 
that moves! Your position is represented by the number on 
the left. The invaders appear from the right. They shift across 
the display and if they touch you - "POW". The game ends 
and the score is shown on the screen. 


You can't stop the invaders advancing but you can defend 
yourself by blowing them up. The fire button is button 0 but 
you can only destroy those invaders which have the same 
number as your space-gun. 


To change your number to match the first invader, press the + 
buttori. You can only increase your number and not reduce it. 
By using the -h and fire keys you will be able to keep the 
invaders at bay. To improve your skill, advance the speed 
control. You can also destroy those behind the front invader 
by matching the numbers. 

Try your fire power, you'll find it most absorbing. 
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6116 
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Z80CPU BLOCK DIAGRAM 

Rosewarne Ave., CHELTENHAM, VICTORIA. 3192 (03) 584 2386 


8212 


Z80 CPU 


Z80 LOGIC FUNCTIONS 


kie 

“E 

DloE 

“bE 

“lE 

“lE 

°'2E 

k>2E 

DIjE 

DOjE 

STB(7 

-E 


2k X 8 BIT RAM 


CPU “3 


DATA 


74LS138 


AO E 

1_1 

E Vcc 

A1 E 


u ^ 

A2 E 


3 ” 

G2A E 


3 02 

G2B E 


3 03 

G1 E 


U 04 

07 E 


u ^ 

GND 


3 06 


1 - 8 DECODER 


4049 


































